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Such
factors
include
pH,
redox
potential,
and
methylation.
The
form
of
the
contaminant
exists
is
important
as
it
strongly
influences
its
toxicity
and
mobility.
V.
The
impact
of
dredging
on
the
Lake
Erie
ecosystem.
Studies
have
documented
a
change
in
benthic
invertebrate
community
structure
following
dredging
activities
in
Lake
Erie.
These
studies
have
concluded
that
the
alteration
in
community
structure
is
a
negative
impact
whose
effects
have
been
observed
to
last
at
least
5
years.
However,
these
studies
lack
certain
data
which
weaken
their
conclusions.
First,
while
all
document
a
change
in
numbers
of
individuals,
none
document
the
change
in
biomass
of
the
benthos,
a
critical
measure
of
productivity.
Second,
none
partition
the
effects
due
to
burial
and
contaminant
release
making
it
impossible
to
determine
which
process
is
responsible
for
the
observed
alterations.
Third,
these
studies
make
conclusions
which
are
not
based
on
ecological
concepts
regarding
community
structure.
A
change
in
the
distribution
of
species
abundances
of
the
benthos
over
a
relatively
small
area
is
not
necessarily
a damning
flaw.
There
are
no
guidelines
for
"quality
of
benthos"
indicating
desirable
species,
community
structure,
or
productivity.
There
are
no
studies
on
the
impact
to
the
rest
of
the
ecosystem
resulting
from
a
change
in
the
species
composition
of
the
benthos.
The
sediments
of
Lake
Erie
may
hold
potentially
toxic
levels
of
many
contaminants,
with
many
of
the
more
often
dredged
areas,
particularly
harbors,
being
the
most
contaminated.
Before
dredging
disposal
decisions
can
be
made
the
protection
of
the
ecosystem
should
be
ensured
with
carefully
designed
and
monitored
pilot
studies
which
will
determine
if
there
are
deleterious
effects
to
the
ecosystem
including
changes
in
productivity
and
the
release
of
harmful
contaminants
to
the
higher
trophic
levels.
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 l)
2)
3)
4)
5)
OQNCLUSIONS
The sediments of Lake Erie represent a sink for the majority of
contaminants entering the lake each year. Regardless of consideration as
a redistributor of in-place contaminants or an original source, on the
basis of available data dredging activities play a relatively minor but
controlable role as a contaminant source. However, on-land and confined
disposal represents a significant means of removing the contaminants from
the lake.
While advances have been made in our knowledge of physical and chemical
parameters associated with contaminant availability the relationship
between these factors and dredging activities remains poorly understood.
It is widely recognized that bioaccumulation of contaminants occurs at
all trophic levels. However, the role of dredging in the release of
contaminants is uncertain and conclusions regarding the impact of
dredging activities are tentative, but suggest that dredging plays a
minor part in bioaccumulation of contaminants. While the contaminants
have all been shown to have potential deleterious effects on the biota of
Lake Erie, the weakness of the data base allows for uncertainty on the
role of dredging activities in the release of potentially toxic
concentrations of contaminants.
Dredging activities have a direct impact on the immediate areas involved,
$22., the dredge site and dredge materiel disposal site. While there is
some evidence that the dredge disposal site may exhibit alterations in
community structure even after 5 years of disuse, there is no evidence
regarding the change in quality of the benthos or whole lake ecosystem
due to dredging activities.
The fact that there is limited evidence relating dredging to any sort of
ecosystem impairment does not mean that dredging has no impact. Rather,
there has simply been a laEE'of scientific studies which have been
designed to show the extent of the impact.
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the proper protocol for a sediment Leashete bioassay. Such a study should
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II LAKE ERIE - AN INTRODUCTION
Lake Erie is the second smallest of the Great Lakes in surface area at
25,657 km2 and smallest in volume at only 483 km . These values represent
10% of the total surface area of the Great Lakes and only 2% of the total
volume. It is the shallowest of the lakes with an average depth of 19 m. The
drainage basin for Lake Erie is relatively small, 58,800 kmz, but includes
areas of intense agricultural and commercial activities and is heavily
populated. Bordered by four states and the province of Ontario, several large
cities rest on the banks of Lake Erie including Toledo, Cleveland, and Buffalo
along with smaller population centers such as Erie, Ashtabula, and
Leamington. Lake Erie serves as a link between these cities and as a
thoroughfare to the upper lakes. The heavy use of Lake Erie for shipping, the
shallowness of the lake, and the heavy siltation load from its tributaries has
necessitated dredging activities surpassing that in all the other Great Lakes.
In 1979, 66.3 million tonnes of cargo moved through the Welland Canal at
the
east
ern
end
of t
he l
ake,
40%
of w
hich
was
grai
n wi
th a
n ap
prox
imat
e va
lue
of $2 billion (Misener, 1981). Iron ore and other bulk material comprised
most
of t
he r
est
of t
he c
argo
.
Betw
een
1979
and
1985
ship
ping
is e
xpec
ted
to
increase by almost 35% (Misener, 1981). These figures do not take into
acco
unt
the
valu
e of
ship
ping
ente
ring
Lake
Erie
thro
ugh
Lake
St.
Clai
r or
intra-lake shipping. The cargo industry of Lake Erie is responsible for the
dir
ect
emp
loy
men
t o
f m
ore
tha
n 1
5,0
00
peo
ple
.
Shi
ppi
ng
exp
ens
es
for
the
fou
r
major commodities (iron ore, coal, limestone, and grain) accounted for almost
$4,3
40 m
illi
on i
n 19
70
(Int
erna
tion
al W
orki
ng G
roup
on t
he A
bate
ment
and
Control of Pollution from Dredging Activities, 1975). Dredging in the Great
Lakes is a major industry employing 2,500 people with annual payroll of
approximately $26 million (International Working Group on the Abatement and
Control of Pollutidn from Dredging Activities, 1975).
Table 1. Annual commercial fish harvest in Lake Erie. (000's kg)
Year 0.5. Harvest Canadian Harvest Total Value $000's)
1976 4,107 11,570 15,670 5,990
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Dredging
plays
a
major
role
in
maintaining
the
lake
for
the
shipping
industry.
The dredging activity
in Lake Erie represented over half the total
volume dredged
in the Great Lakes
(Table 2).
Historically,
a vast majority
(90%)
of dredging in Lake Erie has been for navigational purposes
(International
Working Group on the Abatement and Control of Pollution from Dredging
Activities,
1975).
During
the period 1975-1979 dredging activities decreased
63% in Canadian waters and 28% in U.S. waters for a total decline of almost 1
million cubic meters place material (Guidelines and Register for Evaluation of
Great Lakes Dredging Projects, 1982).
Considering the large volume of material
dredged annually and the economic importance of the lake, the impact of dredging
activities on the lake needs to be investigated thoroughly.
One
of the critical
factors in determining the extent of dredging in a
given area is the cost of disposal options.
'Removing dredge materials to sites
far removed from the dreging location can add $2 to $5 per m3 to the cost of
the dredging project (International Working Group on the Abatement and Control
of Pollution from Dredging Activities, 1975).
In addition, the cost of
preparation or construction of disposal sites should also be considered.
The
decision of where to place dredged material must, therefore, balance economic
and environmental concerns.
Dredging
in the Great Lakes has come under close
scrutiny in the last
decade as awareness of the effects of this activity has increased.
Dredging
activities have a number of potential negative impacts including disruption of
spawning sites, creation of turbidity, disturbance and destruction of aquatic
organisms and habitats, resuspension of contaminated materials into the water
column, dissolved oxygen depletion, release of nutrients and other material
entrapped in the sediments, and the creation of floating scum and debris.
Not
all of these effects are necessarily harmful to the environment.
Floating scum
resulting from dredging activites offend our aesthetic senses more than they
harm the environment, but the significance of some of the other effects remains
largely unknown.
Because of the potential damage to the aquatic environment,
guidelines
have been established (Guidelines and Register for Evaluation of Great Lakes
Dredging Projects, 1982) to regulate both dredging and disposal activities.
These guidelines take into account the type of material dredged, contamination
levels in the material, and the impact of the dredged material on the proposed
dumping site.
Depending upon these factors, dumping is suggested in the open
lake, upland, in confined areas nearshore, or as beach nourishment.
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IV. CONTAMINANT BUDGET FOR LAKE ERIE
I) Introduction
Mass balance studies attempt to identify the principle points of
material storage and movement within a system. Such knowledge allows for the
calculation of such parameters as retention times and sedimentation rates.
For this report the mass balance approach is used to put dredging into
perspective with the other major sources and exports of contaminants of Lake
Erie. It is not meant to be the definitive mass balance study of the
contaminants of the lake.
For any lake, the simplest equation to describe the mass balance of
an element within the system is:
T=R+I-C
where T is the total mass of the element in the lake, I is the loading from
all sources, R is the resident mass of the element in the water and sediment,
calculated in Section II, and C is the mass of the element leaving the lake in
its outflow. For this project, the three variables I, R, and C, have been
further subdivided so that all major processes in the pollutant cycle can be
identified. In so doing, weaknesses in the data base have come to light, a
matter which is discussed in the final section of this chapter.
2) Contaminant loading into Lake Erie
For this report the loading into Lake Erie is defined as (modified
from Jennett gt,gl., 1980): I
I = P + A + E + D + S
where P is direct point source loading, A is tributary loading, E is loading
from shoreline erosion, D is the amount of material entering the lake via dry
and wet fall, and S is the amount of heavy metals introduced from dredge
material. An important consideration in contaminant load assessment is the
large dilution capacity of the lake. Consequently, large loadings are
required before contaminants are analytically detected. Significant changes
may therefore occur before a change is noticed.
a) Point Source
Point source loading for this report has been defined to include
industrial and municipal discharges into Lake Erie. Unfortunately, current
municipal data for the heavy metals in question are either not collected in
the United States or are unavailable. Industrial loadings for the United
States are found in an IJC report (1979). Point source loading estimates for
the Canadian portion of the lake are available (Sudar, 1977) which include
both municipal and industrial loading for all heavy metals with the exception
of arsenic and mercury. The combined data from these sources can be found in
Tables 6 and 7. Nickel is the most abundant heavy metal, primarily from
industrial sources, followed by zinc and copper. Mercury and cadmium have the
lowest levels of loading from these sources. For all heavy metals in question
the importance of this loading source is minimal (Table 7) accounting for no
more than 4.5% of the total loading. It is doubtful that the inclusion of
municipal loadings from the United States would significantly affect the
results. Data for PUB loading from point sources are not available:
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loading
:hto
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Detroit
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from
the
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Lahes
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consequently
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the
water
borne
pollutants
from
Lakes
Super
...
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and
Huron
as
well
as
receiving
gee
rrom
D
e
t
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o
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and
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o
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t
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the
the
industrial
and
muricipai
dis
he
communities. Other tr eateries
contaminants.
This
is
no;
to
sav
Chat
They
do
not
have
localized
impacts,
but
by
comparison
they
do
not
add
a
ligﬁifliant
amount
of
contaminants
to
Lake
Erie;
most
contaminants
e”*
r
Lake
Erie
via
the
Detroit
River.
The
Detroit
  
River
carries
3.43xio‘
kg
of
Zinc
eacr
year,
some
89%
of
the
total
loading
for
this
metai.
Virtually
the
entire
mercury
load,
99.8%
(Table
7),
also
enters
via
the
river.
The
only
exteprirn
is
arsenic,
with
the
river
contributing
only
31%
of
the
total
load.
Over
96%
of
the
PCB's
enter
the
lake
via the Detroit River
c) Shore erosion
Data
for
Canadiah
shore
erosion
and
its
contribution
of
heavy
metal
loading
into
Lake
Erie
is
detailed
in
Thomas
and
Haras
(1978).
Data
for
the
United
States
shore
e.osioh
are
not
available.
Only
arsenic
has
shore
erosion
as
a
significant
source,
yielding
A7%
of
the
total
load
into
the
lake
(Table
7),
though
only
8.5x184
kg
are
added
each
year.
Zinc
has
the
greatest
mass
loaded
into
the
lake
each
year,
3.981105
kg
(Table
6),
but
this
represent
only
2.5%
of
its
total
load.
Mercury
has
the
lowest
actual
load,
1.65x10
kg
(Table
6)
and
per
cent
load,
0.03%
(Table
7),
added
from
shore
erosion.
d) Dryfall and wet fall
It
is
only
within
the
last
decade
that
the
atmosphere
has
been
recognized
as
a
significant
source
of
heavy
metal
loadings
into
lakes.
Eisenreich
(1982)
has
conpiied
most
of
the
existing
information
on
atmospheric
loading
into
the
Great
Lakes.
Data
for
arsenic
loading
are
from
Traversy
et
a1.
(1975)
and
data
for
zihc
are
from
Kuntz
(1978),
while
there
remains
no*_
details
on
the
loading
for
chromium.
The
atmosphere
is
a
significant
source
of
cadmium
(39.6%),
lead
(37.12%),
and
arsenic
(11.11%)
loading
into
Lake
Erie.
Zinc
has
the
highest
mass
loaded
(l.DxlD6
kg)
but
this
does
not
represent
a
significant
source.
Of
the
seven
heavy
metals
for
which
data
are
available,
nickel
is
least
affected
by
the
atmosphere
as
a
loading
source.
Though
atmospheric
deposition
is
the
major
source
of
PCB
to
Lakes
Michigan
(Murphy
&
Rzeszutko,
1977)
and
Superior
(Swain,
1980;
Eisenreich,
et
a1.
1981),
Lake
Erie
receives
a
far
smaller
proportion
due
to
its
much
smaller
surface
area,
receiving
PCB
loading
from
the
Detroit
River.
a) Dredge material
The
addition
of
contaminants
into
Lake
Erie
from
dredge
material
was
discussed
in
the
recent
"Guidelines
and
Register
for
Evaluation
of
Great
Lakes
Dredging
Projects"
(1982).
Using
dredge
data
found
in
that
report
in
the
present
evaluation,
the
conclusion
is
that
dredging
is
not
a
significant
source
of
heavy
metals
into
Lake
Erie,
with
no
metal
having
a
percent
load
greater
than
6.5%
(Table
7).
In
comparison,
the
1982
'Guidelines'
found
that
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many of the contaminants contributed by dredging were in excess of 10% of the
total load. The difference in estimate of importance relegated to dredging in
this report and the 1982 report is due to the inclusion of more loading
sources in the current study. When placed in the perspective of the total
loading from all sources, dredging becomes a relatively minor source
rega
rdle
ss o
f co
nsid
erat
ion
as d
redg
ing
as a
new
sour
ce o
f co
ntam
inan
ts o
r
re-suspender of in-place contaminants. However, this is not to discount the
impo
rtan
ce o
f a
sour
ce r
espo
nsib
le
for
5.42
x 10
5 kg
of h
eavy
meta
ls
in L
ake
Erie each year. While representing a small portion of the total volume of
heav
y me
tal
load
ing
(Tab
le 7
) dr
edgi
ng m
ight
best
be r
egar
ded
as a
high
ly
cont
rola
ble
poin
t so
urce
whic
h ma
y re
sult
in s
igni
fica
nt
loca
lize
d i
mpac
ts.
3) Contaminant exports from Lake Erie
a) Tributaries
The
maj
or
out
flo
ws
fro
m L
ake
Eri
e a
re
the
Nia
gar
a R
ive
r a
nd
the
Well
and
Cana
l.
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z an
d Ch
an
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2) h
ave
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rted
on t
he h
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l
con
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tio
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in
the
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g t
he
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wat
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Wel
lan
d C
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l w
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not
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d d
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y s
mal
l o
utf
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in
com
par
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n w
ith
the
Nia
gar
a R
ive
r.
The
Nia
gar
a
Riv
er
is
the
maj
or
hyd
rau
lic
out
flo
w f
rom
Lak
e E
rie
for
mer
cur
y (
96%
),
cad
miu
m
(91
%),
nic
kel
(80
%),
and
cop
per
(73
%),
and
is
sig
nif
ica
nt
for
the
oth
er
met
als
as well (Tables 8 and 9).
b) Fish harvest
‘
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con
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s
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to
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har
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f f
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fro
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lak
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con
cen
tra
tio
n
in
the
fle
sh
of
eac
h
of
the
com
mer
cia
lly
imp
ort
ant
spe
cie
s
(A
pp
en
di
x
4)
wa
s
mu
lt
ip
li
ed
by
th
e l
at
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(Ta
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sug
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t
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a m
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con
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c) 0n-land or confined disposal
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d d
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the
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omi
um
(55
.67
%),
and
zin
c
(50
.70
%).
Lit
tle
mer
cur
y
(3.
99%
,
7.3
x10
2 k
g)
or
cadmium (9.64%, 1.87x10 kg) is lost in this manner.
d)
Vo
la
ti
li
za
ti
on
-
Mer
cur
y i
s u
niq
ue
amo
ngth
e h
eav
y m
eta
ls
inv
est
iga
ted
in
tha
t i
t i
s
rel
ati
vel
y v
gla
til
e
(Be
rti
ne
and
Gol
dbe
rg,
197
1).
Usi
ng
an
est
ima
te
of
1.7
x10
‘
g/m
/yr
(En
vir
onm
ent
Can
ada
, 1
981
) a
s t
he
flu
x o
f m
erc
ury
fro
m
  
   
IHU REM 2F
  
4
   
x
;
-
QB'VI
UD'O
00'0
00'0
UO‘O
00'0
DQZIIIJBIUA
[EADwaJ
‘
.
.
{9;1919m
aﬁpajp
x6
VZ
69
LG
OL‘95
IQ'£<
vv’ﬁ
UZ'WC
DWUUDO
10
DUPI
U0
i’n
UU‘O
00'0
 
m“ H
HO‘n
199A19u us13
     
  
  
," . v
1n 'hW :J7~ ‘ ,
.
, 'AT
“r»#-
r
n
,. 1
.gm‘xjh
:MuL‘rH)‘;
‘SJEYJJ
Jj enn
x
(“WI ‘4 4.' 11'; ‘11-" c‘ A , . , .
.
e
v ‘ ‘
-U
"1
gr
é
‘
' (I
r' I Ii; H V ' j I . -
.
.
,: H
‘ r
A K K
, I
‘
-
»<vw
7 ~(
. 2
‘
1 \M" - 1‘ x p v
,
A
P
...
<
2 v ‘
‘
5.75 .i
A
-nK
i
%
‘
w
‘
l
{in/6% ‘Fjpg an
\
  
 
    
- 18 _
   
o
p
e
n
w
a
t
e
r
,
t
h
e
r
e
i
s
a
l
o
s
s
o
f
4
.
3
6
x
1
0
2
k
g
f
r
o
m
L
a
k
e
E
r
i
e
e
a
c
h
y
e
a
r
.
W
h
i
l
e
r
e
p
r
e
s
e
n
t
i
n
g
1
4
.
9
%
o
f
t
h
e
t
o
t
a
l
e
x
p
o
r
t
o
f
m
e
r
c
u
r
y
,
t
h
i
s
i
s
a
v
e
r
y
c
r
u
d
e
e
s
t
i
m
a
t
e
w
h
o
s
e
v
a
l
u
e
i
s
d
e
p
e
n
d
a
n
t
u
p
o
n
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
m
e
r
c
u
r
y
i
n
t
h
e
wa
t
e
r
and
the
wa
t
e
r
t
e
m
p
e
r
a
t
ur
e
.
4
)
H
e
a
v
y
m
e
t
a
l
a
n
d
P
C
B
r
e
t
e
n
t
i
o
n
t
i
m
e
c
a
l
c
u
l
a
t
i
o
n
s
T
h
e
m
a
s
s
o
f
c
o
n
t
a
m
i
n
a
n
t
r
e
t
a
i
n
e
d
i
n
a
l
a
k
e
a
n
n
u
a
l
l
y
i
s
c
a
l
c
u
l
a
t
e
d
by:
=I—C
w
h
e
r
e
M
r
i
s
t
h
e
m
a
s
s
o
f
c
o
n
t
a
m
i
n
a
n
t
M
g
e
t
a
i
n
e
d
a
n
n
u
a
l
l
y
,
a
n
d
I
a
n
d
C
a
r
e
t
h
e
m
a
s
s
e
s
o
f
t
h
e
c
o
n
t
a
m
i
n
a
n
t
l
o
a
d
e
d
a
n
d
e
x
p
o
r
t
e
d
a
n
n
u
a
l
l
y
,
r
e
s
p
e
c
t
i
v
e
l
y
.
T
h
e
r
e
s
u
l
t
s
o
f
t
h
i
s
c
a
l
c
u
l
a
t
i
o
n
g
i
v
e
a
v
a
l
u
e
w
h
i
c
h
is
p
r
e
s
u
m
e
d
t
o
r
e
p
r
e
s
e
n
t
t
h
e
a
m
o
u
n
t
o
f
c
o
n
t
a
m
i
n
a
n
t
s
e
d
i
m
e
n
t
i
n
g
e
a
c
h
y
e
a
r
.
I
t
i
s
g
e
n
e
r
a
l
l
y
a
c
c
e
p
t
e
d
t
h
a
t
s
e
d
i
m
e
n
t
s
a
c
t
a
s
s
i
n
k
s
f
o
r
c
o
n
t
a
m
i
n
a
n
t
s
(
M
a
t
h
i
s
a
n
d
C
u
m
m
i
n
g
s
,
1
9
7
3
;
M
a
t
h
i
s
a
n
d
K
e
v
e
r
n
,
1
9
7
5
;
E
n
k
&
M
a
t
h
i
s
,
1
9
7
7
;
a
n
d
m
a
n
y
o
t
h
e
r
s
)
a
n
d
t
h
a
t
t
h
e
v
a
s
t
a
m
o
u
n
t
o
f
c
o
n
t
a
m
i
n
a
n
t
e
n
t
e
r
i
n
g
t
h
e
w
a
t
e
r
a
c
c
u
m
u
l
a
t
e
i
n
t
h
e
b
o
t
t
o
m
s
e
d
i
m
e
n
t
s
(
G
a
r
d
i
n
e
r
,
1
9
7
4
)
.
T
h
e
r
e
s
u
l
t
s
o
f
t
h
i
s
a
n
a
l
y
s
i
s
a
r
e
p
r
e
s
e
n
t
e
d
i
n
T
a
b
l
e
10.
T
h
e
s
e
v
a
l
u
e
s
s
u
g
g
e
s
t
t
h
a
t
a
l
m
o
s
t
a
l
l
o
f
t
h
e
m
e
r
c
u
r
y
is
r
e
t
a
i
n
e
d
a
n
n
u
a
l
l
y
i
n
t
h
e
s
e
d
i
m
e
n
t
s
(
9
9
.
4
1
)
%
.
T
h
i
s
r
e
s
u
l
t
i
s
d
u
e
p
r
i
m
a
r
i
l
y
t
o
t
h
e
l
o
w
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
m
e
r
c
u
r
y
f
o
u
n
d
in
t
h
e
h
e
a
d
w
a
t
e
r
s
o
f
t
h
e
N
i
a
g
a
r
a
R
i
v
e
r
,
t
h
e
m
a
i
n
d
i
s
c
h
a
r
g
e
f
r
o
m
t
h
e
l
a
k
e
a
n
d
is
in
a
g
r
e
e
m
e
n
t
w
i
t
h
t
h
e
c
o
n
c
l
u
s
i
o
n
o
f
T
h
o
m
a
s
(
1
9
7
4
)
w
h
o
s
u
g
g
e
s
t
s
t
h
a
t
l
i
t
t
l
e
o
f
t
h
e
m
e
r
c
u
r
y
i
n
p
u
t
l
e
a
v
e
s
vi
a
t
h
e
N
i
a
g
a
r
a
R
i
ve
r
.
In
a
d
d
i
t
i
o
n
,
t
h
i
s
v
a
l
u
e
h
a
s
b
e
e
n
c
o
r
r
e
c
t
e
d
f
o
r
m
e
r
c
u
r
y
l
e
a
v
i
n
g
t
h
e
s
e
d
i
m
e
n
t
s
a
n
d
e
n
t
e
r
i
n
g
t
h
e
wa
t
e
r
due
to
v
o
l
a
t
i
l
i
z
a
t
i
o
n
(
E
n
vi
r
o
n
m
e
n
t
Canada,
1981)
at
a
r
a
t
e
of
1.73
x
1
0
‘
3
g
/
m
z
/
y
r
.
C
a
d
m
i
u
m
,
in
c
o
m
p
a
r
i
s
o
n
,
h
a
s
a
ve
r
y
l
o
w
r
e
t
e
n
t
i
o
n
v
a
l
u
e
(3.96%)
i
n
d
i
c
a
t
i
n
g
that
it
is
in
n
e
a
r
e
q
u
i
l
i
b
r
i
u
m
in
the
lake.
V
a
l
u
e
s
for
the
o
t
h
e
r
m
e
t
a
l
s
fall
w
i
t
h
i
n
this
range
wi
t
h
m
o
s
t
in
the
6
5
-
8
5
%
r
e
t
a
i
n
e
d
range.
In
c
o
m
p
a
r
i
s
o
n
N
r
i
a
g
u
a
:
a1.
(
1
9
7
9
)
c
a
l
c
u
l
a
t
e
d
-
v
a
l
u
e
s
o
f
35%,
50%,
a
n
d
6
5
%
f
o
r
zinc,
copper,
and
lead
w
h
i
l
e
in
this
r
e
p
o
r
t
va
l
ue
s
o
f
87%,
65%
and
80%
were
obtained.
B
a
i
e
r
and
H
e
a
l
y
(1977)
c
a
l
c
u
l
a
t
e
d
a
70%
r
e
t
e
n
t
i
o
n
level
for
lead
in
L
a
k
e
W
a
s
h
i
n
g
t
o
n
.
T
h
e
a
c
t
u
a
l
v
a
l
u
e
s
f
o
r
m
a
s
s
o
f
h
e
a
v
y
m
e
t
a
l
r
e
t
a
i
n
e
d
a
r
e
v
e
r
y
s
i
m
i
l
a
r
to
t
h
o
s
e
r
e
p
o
r
t
e
d
by
N
r
i
a
g
u
a
t
El.
(1979)
who
r
e
p
o
r
t
m
a
s
s
va
l
ue
s
of
1
.
1
5
x
1
0
5
k
g
a
n
d
1
.
2
5
x
1
0
5
k
g
f
o
r
c
o
p
p
e
r
a
n
d
l
e
a
d
,
r
e
s
p
e
c
t
i
v
e
l
y
.
T
h
e
r
e
t
a
i
n
e
d
P
C
B
'
s
r
e
p
r
e
s
e
n
t
9
5
%
o
f
t
h
e
i
n
p
u
t
.
T
h
i
s
r
e
s
u
l
t
is
a
l
m
o
s
t
i
d
e
n
t
i
c
a
l
t
o
t
h
e
p
e
r
c
e
n
t
v
a
l
u
e
c
a
l
c
u
l
a
t
e
d
f
r
o
m
t
h
e
d
a
t
a
o
f
E
i
s
e
n
r
e
i
c
h
e
t
3
1
.
(
1
9
8
0
)
f
o
r
L
a
k
e
S
u
p
e
r
i
o
r
.
N
i
s
b
e
t
a
n
d
S
a
r
o
f
i
n
(
1
9
7
2
)
a
l
s
o
s
u
g
g
e
s
t
t
h
a
t
—
m
o
s
t
o
f
t
h
e
P
C
B
input
to
freshwater
is
bound
to
the
bottom
sediments.
T
h
e
r
e
t
e
n
t
i
o
n
t
i
m
e
o
f
a
c
o
n
t
a
m
i
n
a
n
t
i
n
a
l
a
k
e
i
s
c
a
l
c
u
l
a
t
e
d
b
y
(Bowen, 1975):
t: W/I
w
h
e
r
e
‘
t
is
t
h
e
r
e
t
e
n
t
i
o
n
t
i
m
e
,
w
is
t
h
e
t
o
t
a
l
m
a
s
s
o
f
c
o
n
t
a
m
i
n
a
n
t
i
n
t
h
e
l
a
k
e
'
s
w
a
t
e
r
(
c
a
l
c
u
l
a
t
e
d
in
S
e
c
t
i
o
n
II),
a
n
d
I
is
t
h
e
t
o
t
a
l
a
n
n
u
a
l
i
n
p
u
t
o
f
the
c
o
n
t
a
m
i
n
a
n
t
i
n
t
o
the
lake.
The
r
e
s
i
d
e
n
c
e
t
i
m
e
o
f
the
c
o
n
t
a
m
i
n
a
n
t
r
e
l
a
t
i
o
n
to
the
lake
water
residence
time
is
then
tr = t/R
(Stumm
and
Morgan,
1970).
The
va
l
ue
of
the
r
e
s
i
d
e
n
c
e
t
im
e
for
lake
wa
t
e
r
is
2
.
1
0
years,
as
c
a
l
c
u
l
a
t
e
d
in
S
e
c
t
i
o
n
II.
The
r
e
s
ul
t
s
of
t
h
e
s
e
c
a
l
c
u
l
a
t
i
o
n
s
are
presented
in
Table
11.
 \
0
Values
obtained
rang;
arom
ttat
for
arsenic
of
333
days
(0.91
yrs)
to
that
for
zinc
of
only
59
day:
'-
16
yrs).
Most
of
the
retentisc
dimes
range
between
113
days
(0.31
yrs)
ah?
l99
days
(0.55
yrs).
These
va
,2;
do
not
differ
significantly
from
those
calcu‘ated
by
Nriagu
et al.
(lef9).
As
suggested
by
these
authors,
the
short
retention
time
5?
these
metals
compared
to the flushing time of the lake’s we?
:s (2.10 yrs)
indicates that the
biogeochemical
cycling
of
the;
metal;
is
rapid.
The
relative
resident
time
values all smaller than 1 indicate that these heavy metals are readily
incorporated
into sediments
and become
unavailable
(Stumm
and
Morgan,
1970).
The
transfer
at heavy
metals
iota
the
sediments
generally
exceeds
the
transfer
out
(Jennett at al.,
1980).
Though
the
retention
times
differ
markedly,
the
very low value for relative retention time of PCB is very similar to that of
Lake
Superior
(0.03
vs.
0.056,
calculated
from
Eisenreich at al..
1980).
The
value is influenced by the biota, mixing relationships, and extraoge with the
sediments
(Leckie
and
James,
197A).
It
should
be
remembered
that
calculations
of such characteristics are :2
; on m~.;ures subject to a great range of
error, so that the values for
:genticn .ime are often imprecise (Bowen,
1975). Retention times withir toe same order of magnitude are generally
recognized as being similar (Bowen, lesl.
   
 
  
 
  
5) Weaknesses in tre data case
As suggested in the last chapter, the calculations can be no better
than the date upon
whichthey are based.
In this instance there are a number
of variables which have not been discussed or which have been poorly
considered due to the paucity of data. One example of this is the lack of
information on inputs via non~point source loading. Also absent are data on
loading due to shoreline erosion on the United States portion of Lake Erie's
shores. Considering the importance of loadings estimated from Canadian shores,
the lack of data in this area may be critical.
There is also a lack of data
on point source loading, primarily from municipalities.
This may not merit as
much attention as estimates suggest that municipal loadings are not an
important relative to the other loading sources.
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N
i
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k
e
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M
e
r
c
u
r
y
   
J
u
      
.*
‘ ~
I
L
f
i
l
 1). Introduction
The
ultimate
fate
if
“omrl27;ants
in
Lake
Erie,
or
any
lake,
is
the
result
of
integrated
processes
latcrohng
p
ysical,
chemical,
and
biological
mechanisms.
Within
each
of
these
‘swad
ca
egories
of
mechanisms,
there
are
a
number
of
processes
whicn
feed
to
c“
*whsi
ered.
These
are
detailed
in
Table
 
       
 
   
l2
(modified
from
Jennett.
f
.
The
physical
and
chemical
factors
have
been
studied
with
1
2s*
,.
r'iity
in
the
last
decade
so
that,
for
instance,
the
aquatic
str‘
1f
rany
metals
is
fairly
well
understood.
t -
Table
13
lists
the
posslz
l
arms
1?
which
metals
may
occur
Ln
the
aquatic
environment.
The
fart
l:
uh;ct
row
heavy
metals
occurs
strongly
influences
to
‘i
“e
; emu
howard,
l977).
Because
of
the
Jr
i
past
of
contaminants
on
ecosystems
it
is
of
dredging
and
the
p
:cesses
  
S‘y (1977)
corcluded that "as
concentrations [of
in the overlying wa
1
A
 
d
ite
influence
of
dredging
on
the
Great
Lakes.
He
1
'1'
‘
Le
settling
and
dilution,
elevated
ntani
.
:
«axed
rapidly
and
background
conditions
I were
gene;rl‘;
lamestablished
within
a
few
hours.
Because
of wave
activity
i
*-~'
the
dumped
materials
were
rapidly
redistributed
and no
evidence
- t,
aided to
indicate
a long
term
influence
on water chemistry”.
The same u; w
on regarding the effects of dredging
has been
reached
by
Lee
(l977k
sly
(1977
also
states
"Dredging effects
and
ship turbulence are undoubtedly significant at the local level in the Great
Lakes; however,
the scale cf everts
iemrllc small in comparison to sediment
resuspension resulting from wind—wave actgon.”‘ The purpose of this section
will be to review physical, chemitgi
arc biological processes with which
dredging activities may in
.2 ’ 2*1 ;1ieﬂpt to out these considerations in
perspective to Sly's commehto
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2} Physico~themir H , ,
a) Particulate matter and assorptiow
Much of the following ahalysiﬁ will emphasize the role of
fine-grained sediments and irs*: ‘>
*gns;ip with contaminantsl
Such
sediments compose 90%
*“
narerial in Lake Erie ‘Kemo at al.,
1976).
Fine-grained "
.
,v l1”JTﬁEWCE due to their large surface
area and hence large , a _ u d«::;“ idea. at al., 1981). Dredging
resuspends large ouant'rne:
T“
s R '-
.;Res at both the dragging site and,
in the case of open 19»; “lg;
"
disposal site.
This is an important
fact as smaller~=i2ag ““:*T"
he slowest settling time and are
therefore subject to v»
at both the dredging are disposal
sites (Weber e: 35.,
  
    
   
- many contaminants adsorb onto
ﬁrstner and Whittman, 1979),
__t al., 1981; Vuceta and Morgan, ‘
re remains much to be understood
‘=e processes (Vuceta and Morgan,
* f
contaminants is to be
While it is gen .1‘
particulate matter, or o
especially smaller parti.l
1978; Jaquet at al., 197
about many of the detai
1978). Such knowledge
1
 Table 12. Mechanisms regulating the fate of contaminants in Lake Erie.
Physical Factors
Temperature
Hydrodynamics and mixing
Chemical Factors
Acid-base (pH)
Complexation
Oxidation-reduction (redox, Eh)
Sorption-desorption
Precipitation—dissolution
Biological Factors
Methylation
Degradation
Bioturbation
Accumulation
Table 13. Forms of heavy metals present in the sediment—water system (Gambrell
gag, 1976‘)
Soluble free cations
Soluble organic or inorganic complexes
Easily exchangable cations
Precipitates of metal hydroxides
Precipitates with ferric oxyhydroxides
Insoluble organic complexes
Insoluble sulfides
Residue metals
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Tubifex tubifex
 
"Bi
1
T. kessleri aAarica
\/
—_m -........
 
  
Naididae
Chiranomisa9
 
  
Pontgggggia
ﬁQE;
=‘TL:
:
 
  
i_Cucidea
  
  
  
irrigatin:
'isid worms
reduced
on in
the
upper
1-2
cm ann increiaeo on 3a..”
r , ., H,
r:.ments
(Davis,
1974).
as :reviously
OESCEluEd ,.:: oH cha gas
in
;~w;unction with other factors such as redox and
dissolved oxygen can result if changes in heavy metal availability.
Oxygen
exchange
is ninimal during periods of low oxygen concentration,
such as
stratification, and activity of tubificids is minimal.
With an increase in
oxygen concentration activity resumes.
The mass transport of oxygen into the
sedimenta ny oioturbation can be of considerable inportance wnere large
densities of bioturbating organisms exist.
At 50,000 tubificids/me the
oxid’zeo zone of the sediment exteno“ at least 15 cm into the sediment
{3chnmacher, 1953).
increases in renew in the sediment have also been
:eoortea where oenthic organisms are Very active (Edwards, l958; Hargrave,
    
  
   
   
   
,7. .-—y m ‘
9/Z/ 4ith the oxidized zone deepened by 0.3-to l.6 mm (Davis, l974).
Clearly, bacterial activity, such as methylation of heavy metals, will be
effected. Both tubificid worms and molluscs have been shown to release the
netnylmercury formed by microbes in the sediment as they burrow through the
sediment (Jernelov, l970). Bioturbatlon in productive areas will result in
higher methylmercury concentrations in the overlying water (Petr, 1977) as
both inorganic mercury and merhylmerCury have high affinities for organic
r
substances (Jerneldv, 1975}.
Bioturbation is a significant event in the Great Lakes (Robbins and
Edgington, 1975). Robbins (l980) suggests that the benthos can play an
important role in the cycling 9 i a nutrient critical to limiting the
development of diatoms.
In paka
r
JQDiFEX tubifex have been found to feed
over a range of 0~l0 cm in t» r 1
though most feeding occurs between 5—8
cm (Fisher et_al., 1980), wi.h mixin
occuring from 6-9 cm as a layer of
sediment above the zone of -’ ‘ "
ng roves downward.
The process causes a
significant amount of sedin
y
-
«
  
  
 
  
 
sediment—water thEIle
3y tie: lCid feeding is greats. than its
upward velon' y du= to
H-ation.
Consequently, tubiflcids alone are
capable of mixjﬂj the sediments of the western basin. most of the
regf.na of the eastern basin (Fisher 3; al.,
1980).
‘
;siimated
to mix
2-6%
ot
the
top
10 cm
,ach week at 190C (McCall §t_§l.,
such heavy metals as mercury, chromium,
some instances (Kovacik and Walters,
'ng activity is an important phenomenon
below 5 cm where unionid clams are
H roar sediment mixing (McCall at al.,
1 _ to seoarate the reworking effects of the
ram ohysical factors such as waves and currents.
   
  
    
   
In addition, .
layer of sediment in the
1979). The uniformity of
lead, and zinc, to a d
1973) is taken as avid
in Lake Erie. Mixing profi"
absent suggestinl their inndrt
1979). However, it is not '
different benthic components
 
o) Bioaccumulaticn
Having discus ;: physical, chemical, and biological factors which
play a role in detennining the availability of contaminants, the next relevant
question is whether or not organisms are capable of accumulating these
pollutants. The effect: that the contaminants may have is discussed in
  
Section VI. Bioaccomulation data for species found in Lake Erie may be found
in Appendix III.
The majority of these studies. while dealing with taxa found
in Lake Erie, were not carried out in Lake Erie.
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One
significant
poi~
a:
wuv
f the
literature
conc‘r“.
semantics,
in particular the use of the ’-"=s ii; ccumulation and biomagni‘icatinn.
While often used
todescribe the same
events,
they are actually
seaarable
processes. Bioaccumulation is the extent to which an organism collects a
compound from its surrounding environment by all processes, while
biomagnification indicates that a compound is concentrated thrn.'i the
consumption of lower by higher food chain organisms with a
:mcriase in
tissue concentration (Isensee at al., 1973). The two BIOCtrtt“ iiji CE
discussed in the following sections.
ﬁioconcentration feetwr EGTV is the
concentration of a chemical in an organism, or in the tissue c; a~ :rjanism,
divided by the concentration in the water {Kenega and Goring .‘Gﬁl.
 
  
i) Bioaccumulation
A critical point is that mary s JdlES, on all trochg“ :e»s;s, have
been performed solely to measure concew rations of contaminants the
organisms.
Such data are insufficient it determine the abi‘:it av irnanisms
to accumulate contaminants via absorpti;n, adsorption, or 51. “ 'ication.
What is required for the BCF t: be calculated is the concentra.iv< in the
water, sediment, and the organism in question. Without knowing
parameters in the environment the cones tratien in the organism
value. Concentration values for contaminants in fish are preseh‘ 4 in
Appendix 4. Information was not avaiiatle to allow the calculati.: of BCF's
of these fish.
   
  
  
limited
  
 
to bind heavy metals is well knawn (wdans gt_al., 1973 . it 'rrrv at al.
(1977) demonstrated that the bacteria f"eudomonas fluorescens -; actually, per
unit surface area, much more activ, in adsorbing mercury ita' ' the
sediment particles. They found that the sediment containec a ,ively small
number of very high affinity binding siies whereas bacteria hemizinec many
Both the mass balance data arc ahysico-chemical data suggest that
heavy metals and PCB's are not evenly distributed throughout LaKE Erie but are
instead associated with suspenied part ties er with the sediments. Bacteria
and algal cells represent living :usce deg particles that have been
demonstrated to be effectivw his ccwmv4atcrs. The abilitw n‘ micrsorganisms
  
U
r
  
 
    
 
    
more binding sites. Pseudomonea sp. been shaWn to accumrlate 10 times the
amount of cadmium as sediment " or, neig basis (Titus ann efi“t»r,
1982). Remacle (1980} f-"n3tv. ' the? at? an bacteria are 3 times as
"'* ”*“ ng cadmium. while he pointsefficient as free floatiip-
out that cadmium remcvai
shown (Titus and Pfister
1977) that the accumulai
condition of the water
'iacl
.erial productivit; it has been
4., l977; Cherry and Guthrie,
wwjfented by the ohysicn4chemical
sediment particles are: i.e.,
J Ile high pH values allow
0 that a cumulation is limited.
‘
ﬂ _
lowered redox values accelerate cadmiav
a ‘ e scadmium to form insolubl
Tornabene and Edwards {l97ZF 'i":nstrated that the accumulation of
lead by bacteria was actua;1y can t" ;, “ration rather than absnrction.
  
,. tL
Aquatic fungi similarly adsorb cadmium *ead, and zinc (Duddridge and
Wainwright, 1979). Of the lead assoc“ tea vith Micrococcus luteus and
Actobacter sp., over 99% was assaciaten . the cell wall and membrane
{Tornabene and Edwards, 1972). They a;sn snuwed that the bacteria were
 
 .,;co«~nruical oharast~*‘g“;tg of the
'dela ion has been a: 2:n*,; under
need to assess the ‘” ‘
'.eld situations.
giwslation of heavy metals dependent on
environment (Has ett a; 61., 1980).
lead, and mercury more
_
,
,._,,
flagella
act
as si
,
‘omolation I: o';
~
*:3 a='
’hifyﬂgﬂﬁj fHessler,
19749“
km: lation, as in o , . . ,
sue to adsorption, at
"=i ﬂiuﬂkiiﬂl; species
“;; w'dg ;: nhi, tileugreens, and diatoms
éi-9 1980: Denny and Welsn, 1:/”: '.c av and Williams, 1979; Lanna "
1979)~ Mercury, lead, and :Houi_: hr» 411 accumulated (Hass ”' '
out neither zinc and arseni: e;e, chi: ‘ it
quickly adsorb zinc to its
'3 ~w;
.
in solution (Broda, 1972 . ;_
‘_ jgrmosa adsorbs are 13 also as a
function of its concentration .
1 a3, 1978} although this is not the case
with PCE's (cederman and R?
=. i 1",
algae also have the shiliry to adsorb
various chlorinated hyd'
r'
'5 ’ fv“r et_§la, 1977) as demonstrated by the
fact t.at dead cells 1 _ ..t. ‘ﬂnels as live cells U;
1976). Chlorinated organ 3; a at”; Le .zznmtlaten by adsorptio
partitioning {Sodergren, 1;1 ‘ 4* g i 31 Re, 1973; Reinert, 197
Bioaccumolation of these or a: 5
alga in question (Keil . , ‘7, w and Khan, 197a; nol e
1975; Neudorf and Khan, ;. 2. yrs Her and Wildman, 1977; i. is 33 Lewis,
1976; Wright, 1978; rding q inif , 1978; Hansen, 1979), Benohic algae
may also act '5 bi:.c~wmn7; : 4 ﬂgwora, common in tie Great Lakes,
accumulates z ﬂl. estelrm ~;3 ooet (Keeney at 31.,
‘3 01‘
x'
'/
4.
ft
Moilusrr m:~v:i»"f Lidﬁc, rave been considered as anv’=ahmental
monitors due to 1”
1;“;
; 1.1on:iate contaminants,
this and Cummings
(l973) found
three so»
.: u- o
in songs irate 8 different heavy metals,
in amounts exceeding 3? van: 17;‘u3 in water, but less tnan their
sediment concentratins-
v';77 191*wda were somewhat irregular in that whole
clams were analyzed, i.u‘~h;»j 'nr¢;~
sediments and undigested Food in the
intestine, and :: ‘
:un;?~13u A586 whole ashed animals in nis study
i“:
low
values
for
acromulation
as
the
shell conta; low heavy ms r: :5r.ao,rarions. In a more detailed study
(Anderson, 19x7b) it was Fa 'a '31; buoy concentrations of heavy metals were
higher than the shel sa out ,. c the shells were possibly acting as an
adsorbing so
:1,
'Le gills sore Found to have the highest heavy metal
concentratin: . r~x~ivn as w 32*: to; Voth adsorption and absorption.
Cooper,
cadmium, and To
V2»"
11 ;a inner Cuphﬁﬁtration than in the sediment,
whereas zinc ‘.-
’,: <;:.;ﬂy hiyherh
Adams at al. (1981) obtained similar
results regar .ng In; :,wrww stion son the importance of the gills as the
site of highes; has“: 1: t’ .o”= ion. Mathis at al. (1979} found that
snails and tin ” ‘
lead than sediments.
 w 3:5 -
Despite
the
importan'a
of
the
zooplankton
Component
in
aquatic
food
webs
there
is
a paucity
of
information
on
contaminant
accumulation
in these
organisms.
Only
Daphnia magga
has
received
attention
specifically
in
terms
of
bioaccumulation
(Biesinger
at al,,
1982;
Poldoski,
1979),
and
this only
for
mercury.
Accumulation
of mercury
was found to be highly dependent on the form
of mercury
in the water with methylmercuric chloride accumulated 20 times more
than mercuric chloride.
However,
about half the mercury was lost within four
days of exposure.
Denny and Welsh
(1979)
looking at the zooplankton fraction
of their field samples found lead to be significantly accumulated but give
no
indication of the mode of accumulation.
Mathis and Kevern (1975) in their
zooplankton samples found cadmium to be accumulated but also included gut
contents of the zooplankton in their analyses.
It is clear that further work
is needed on biaccumulation in the zooplankton, especially in previously
ignored groups as the copepoos. ’
Tubificid
oligochaetes
are
an
important
part
of the
lake
Erie benthic
community.
Mathis and Cummings (1973) found that tubificids were accumulating
metals at levels very similar to those in the sediments,
a finding supported
by Mathis et a1. (1979).
Chironomid larvae, who share a similar niche, were
found to accumulate copper,
lead,
and zinc in levels greater than
found in the
sediments, while chromium was accumulated less so (Namminga and Wilhm, 1977).
It was suggested
that zinc accumulation is by surface adsorption and that low
values for zinc in this study may be the result of frequent melting and the
consequent elimination of adsorbed metals.
In both these
studies,
and those
of the zooplankton, the animals were not given an opportunity to clear their
guts before analysis.
The gut contents of these animals undoubtedly make up a
high proportion of their total weight and apparent bioaccumulation may
represent nothing more than ingested sediment-
Fish, though intensively monitored for contaminant levels, have not
been studied to yield bioaccumulation data.
Data on the concentration of the
contaminant in the water
wherethe
fish have been caught is usually absent so
that the means of accumulation of the contaminants cannot be determined.
Mathis and Cummings (l973) found that fish were accumulating heavy metals in
their muscles at levels above that found in the water but less than those in
sediments.
Omnivorous and carnivorous species accumulated
lead and cadmium at
similar levels, but omnivorous fish had significantly higher concentrations of
copper, nickel, chromium and zinc.
Murphy at al. (1978) found a similar
difference between omnivorous buegill and carnivorous largemouth bass with the
bluegill having higher concentrations of heavy metal than adult bass.
Juvenile, omnivorous, largemouth bass similarly had higher concentrations than
did adults.
Mathis and Kevern (1975) found that mercury was accumulated in
fish but were unable to determine the relative importance of the source, water
or food.
Essentially all mercury accumulation is as monomethylmercury (Kamps
g3 31., 1972) although inorganic mercury can be absorbed through the gills,
intestine or skin (Jerneldv and Lann, l97l).
While mercury concentrations in
fish were correlated with length no such correlation was present with cadmium
or lead (Mathis and Kevern, 1975).
Accumulation of mercury is also highly
dependent upon temperature (Camber at al., 1978).
Similar results have been
obtained for cadmium (Lovett at al., 1972) and zinc (Mount, 1964).
Arsenic
(Sorensen, 1976), cadmium (Mount and Stephen, 1969), and zinc (Mount, 1964)
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“f
meaningless.
The
‘:::t
point
is
fannd
that
bacteria
:dltored
from
‘ tar resistance ta these
V,t{3ﬂ8
in
relatively
glean
sites.
‘
wnuid
gi/e
a
false
Emoression
as
‘«
mercury
resistant
strains
were
found
4;
by
whitten
and
Say
{
975}
that
the
~,
‘
r
u
r
Axer
raises
the
questit"
as
to
whether
*
'hu
r
»
:»«etiaally
tolerant
to
a particular
‘7,
exdlved
mechanism:
Pf
tolerate
«a:
r‘
.
I
s;
have
been
documented
in
the
z
.
,sim
;;.al.,
1974)
and
algae
LWhitten,
   
  
   
   
*hm
i
w
t,
:
lied
in
both
the
phytoplankton
and
r
heen
found
that
sensitivity
to
zooplanktsn‘
oontaminan‘:
division 7
division §,l
division a
we
is
an
example,
EQQL§QQ,
in
the
l
:b
cadmium
than
ghiamyogmonas,
in
the
,
t
my
,
,278Jﬂ
differences
may
exist
within
a
“as “air ' » H3t73:c: setweew Asterionella r"ormosa and
  
  
Fragilaria
crotenensis,
both
ﬁeﬂCECS
if
the
Bacillariophyta,
ft:
toxicity
of
cadmium
(Conway
and
William
,
:9793.
Differences
may
even
exterd
to
the
genus
level
with
different
species
within
a
genus
having
different
sensitivities
(Wong
at
al.,
1979).
Again,
there
may
also
be
differences
within
species
and
between
habitats.
Zooplankton
toxicity
tests
frequently
feature
Daghnia
magna
as
suggested
by
the
EPA.
However,
this
organism
is
not
representative
of
its
genus
(Winner
and
Farrell,
1976)
for
sensitivity
to
contaminants,
and
certainly
not
representative
of
the
freshwater
crustacean
zooplankton
in
general
(Wilson,
1980;
Marshall,
1979;
Marshall
and Mellinger,
1978).
Wilson
(l980)
has
summarized
the
problems
of
toxicity
tests
as:
1)
Little
research
is
done
on
naturally
occurring
species
with
extrapolation
between
species
difficult
or
impossible
(Borgmann
et
31“
1980);
'—
2)
lack
of
information
on
temperature
effects
exists;
2.3,
the
effects
of
zinc
on
bluegill
with
a
1098
temperature
shift
noted
by
Cairns
and
Scheier
(1957)
versus
the
results
of
Rehwoldt
at
al.
(1972);
3)
The
preponderance
of
static
bioassays;
a)
The
extreme
overcrowding
in
test
chambers
represents
unnatural
conditions
for
organisms
ranging
from
bacteria
to
zooplankton;
and
5)
The
lack
of
replication,
and
has
been
previously
described,
both
within and between laboratories.
Hendrix
et
a1.
(1982)
have
suggested
that
current
toxicity
tests
attempt
only
to
determine
the
effects
of
toxicants
on
particular
organisms
but
fail
to
evaluate
the
ecological
effects
that
may
1)
arise
due
to
multispecies
and
species-environment
interactions,
or
2)
propogate
through
natural
systems
with
consequences
far
removed
from
the
test
organism.
Such
consequences
include
altered
grazing
and
predation
rates,
elimination
of
key
species,
food
chain
magnification,
and
inhibition
of
microbial
processes.
Rather
than
use
single-species
assays,
they
propose
that
more
realistic
and
ecologically
meaningful
results
might
be
expected
from
a
testing
protocol
that
builds
upon
bioassay data with experiments in multispecies microcosms.
Increasing
complexity of microcosms could be the appropriate scheme, i e.,
1) Relatively small, static microcosm;
2) Flow-through microcosm; and
3)
Detailed but selective studies in more complex microcosms.
2) Evaluation of the elutriate test
For
dredging
projects,
the
most
important
tests
have
been those
which
determine
the
release
and
availability
of contaminants
from
sediments.
To
this
end,
three
types
of tests
have
been designed.
The
bulk
chemical
sediment
analysis
of
the
EPA
and
elutriate
test
of
the
U.S.
Corps
of
Engineers
have
been
discussed
in
detail
by
Lee
and
Plumb
(1974)
and
Prater
and Anderson
(1977a,
b)
as
well
as
by
numerous
other
authors.
Biologically,
the
bulk
chemical
sediment test may not be directly related to the impact of the
sediment
on
the aquatic
environment
because
a substantial
fraction
of the
constituents that it measures
are in forms that are unavailable to the
ecosystem
(Prater
and
Anderson,
1977a,
b).
The
utility
of
the
elutriate
test
for
the
evaluation
of possible
ecological
effects
due
to dredge
material
disposal
on
benthic
fauna
is
suspect
as
well
(Hoke
and
Prater,
1980).
The
 
 .
‘
,
,
.
-
.
.
.1:
.L
a}?
dispu,,»:.,~:,
u
n
i
t
s
o
n
t
h
e
TL,
~
-
i
r
x
o
e
o
f
s
e
e
i
n
"
a
i
o
a
s
s
a
y
h
a
s
~~'
'
«(1
-‘.
{1982)
ano
»»s«
and
P
r
a
t
e
r
      
 
  
 
‘
'J
-
'
.
,
-V,
a;
(
«c
a
n
in
a
rec;
.
a
,
a
t
i
n
g
s
y
s
t
e
m
a
w
—e
'r.~
'
I
,Nv.nent
to
determir~
new
much
of
*“e
1
3:
*v
act
on
the
test
Ciglnism.
Such
sf:
-
'
t
(
1
9
8
2
)
s
l
i
g
h
t
l
y
m
o
d
i
f
i
e
d
t
h
i
s
a
i,
r:
They
m
a
k
e
four
*
it
ticity
s
t
u
d
i
e
s
a?
s
e
d
i
m
e
n
t
:
s
o
n
s
i
s
t
e
n
t
size
and
o;iqinr
he
LEﬂSSU
in
the
prev;
t~
"
’y
be handled in a no:>‘:
;
‘rmuctlﬂﬁ
of
sediments
tr
5
he
of
the
same
hatnn
'
f
g
e
s
i
t
e
,
I
n
a
d
d
i
t
i
o
:
t
if‘lfj
p
;
x
i
c
i
t
y
t
e
s
t
s
d
e
s
i
g
r
v
a
TIL
t
h
e
u
s
e
o
f
,;
.
y
r
_r
i.
.;_
.
,
e
m
a
t
e
r
i
a
l
d
i
s
p
o
s
a
l
,
'a
:
q
u
i
a
r
l
y
‘:;‘:
,;.
1
,n,:s
3;»
n
examined,
should
be
“reducted
for
’
~
-
"
a
‘
~
r
v
E:
d
a
t
a
s
h
o
u
l
d
  
 
pxriod.
. :rie biota
.
t
y
p
e
s
o
f
’ trophic
o
f
e
f
f
e
n
t
a
a
t
o
r
d
e
r
s
o
f
I
;
w
i
l
l
Fe:
a
n
t
h
e
a n d.
    
    
  
f1
.
l.
4
A
p
p
e
t
n
x
5
p
r
e
s
e
n
t
s
.
,
x.
'tﬁv
s
t
u
d
i
e
d
i
n
t
h
i
s
s
r
t
w
i
t
h
a
n
 
.‘
‘
,
.
.
,
V
,
‘
f
e
w
s
t
u
d
i
e
s
h
a
v
e
h
e
e
n
p
e
r
f
o
r
m
e
d
,
»
2
‘
5w:
{
J
ﬁ
t
s
t
u
d
i
e
s
u
s
i
n
g
t
h
e
s
a
m
e
s
p
e
c
i
e
s
f
r
o
m
7w
'
'
i
u
ﬂ
in
A
p
p
e
n
d
i
x
5
a
s
we
l
l
.
_
#
e
n
w
i
t
h
r
'
'
r
.
-
:
ﬁ
g
a
t
d
a
t
a
o
n
t
h
e
s
p
e
t
i
e
s
i
f
m
o
s
t
  
tar
‘.
w
h
i
l
e
d
a
t
a
o
n
t
r
o
u
t
a
z
e
ﬁ
ﬂ
u
ﬂ
ﬂ
a
h
t
,
t
h
e
y
»n>r
t“
a
w
e
E
r
i
e
f
i
s
h
e
r
y
.
 
.g.
,,
;.K»
A(;,t..,
2t
heavy
m
e
t
a
l
s
to
b
a
c
"
r
i
a
p
r
e
s
e
n
t
HT
lira
-¢‘!
51
a;
’1981),
m
e
a
s
u
r
i
n
g
the
h
a
t
t
e
r
i
a
l
*
,
~
;
a
e
«
‘
i
s
M
U
,
H
U
E
ﬂ
phat
c
a
d
m
i
u
n
wa
s
t
h
e
m
o
s
t
t
o
x
i
c
o
f
t
h
e
'-
'
.J
s
t
r
e
e
t
.
At
l
o
w
c
o
n
c
e
n
t
r
a
t
i
o
n
s
c
o
p
p
e
r
*
(l978),
however:
to
  
L
L
'
5
 
  
 
  
  
  
N,
m
an
t
h
a
t
c
o
p
p
e
r
a
a.
7
m
e
t
a
l
s
a
n
d
c
a
d
m
i
u
m
1P8
l
e
a
s
t
.
3
r
q
:n
a.
z
of
varying
heavy
metal
pollution.
C'
t
:i
a,
and
lead
were
isolated
most
fr
quen
iy,
h
I?
r
val?
w
mercury
resistant.
Of
those
with
mercury
resistance
two~thirds
were
tr
the
sediment
with
those
isolates
from
mercury
oolluted
areas
waving
the
n;
lest
percentage
that
were
resistant.
 
  
ox
c::,
T:;?
.:
.
_;_
,.
a
Variety
of
reed;
s
t«ing
a
variety
‘
;x~
.7.
.
,1
1
,.
ne
emphasized
that
“arisons
between
procedures,
an;
s't:,u1,
1;,
ad
teurrgg.
In
a
study
employ
.
giglena
and
Enigmydomonas
specie;
rec
‘
‘1
=
‘EL..
pond,
but
obtained
frum
a
culture
collection:*It
was
found
3
was
more
resistant
than
chlamydomonas
to
cadmium
while
diatoms
were
‘1 at
1000
ug Cd/l
(Fennikoh
et a
.,
xre
tested
for
their
toxicity
to
five
1978). Different forms of
species
of
Chlorophyta,
all
,
stocks,
by
Wong
§t_§li
(1979).
It
was
concluded
that
Scenedegggs
was
mist
resistant
species
and
that
two
Chlorella
Species
were
quite
.
.t.
.1 in their
sensitivity.
Cadmium
toxicity
values
range
from
10
ppb
(tcwway,
»:F?)
to
10
ppm
(Sparling,
1968)
with
the
'
V
in
test
conditions,
species,
and
method
   
   
f
l
‘
4
"
“
l
l
"
—
9
5.“ , ... . .7 v n,
01 r1:t.f:Cl£3u <3
2
x
  
   
   
 
differences associated with 2‘ ..1
of bioassay
{Wong et ﬁ;.,
1979).
Nickel is known to inhibit algal growth
{Hutchinson
and
Stokes,
1975:
FeZy
$3
$1,,
1979)
at
concentrations
as
low
as
1.7
umol
Ni/l
when
water
chemistry
favors
the
presence
of
free
Nizt,
its
most
toxic
species
(Spencerrand
Greene,
1981).
The
free
metal
ions
are most
toxic species of copper (C113t « Anderson and Morel,
1978;
Petersen,
1982),
cadmium
(852+
- Sugda §£_a1
, 1978,
and
zinc
(ZN2+
- Petersen,
1982).
In
the
presence
of
Nie+
diatoms
decrease
in abundance
while
filamentous
greens
and
blue~greens
algae
increase
in
abundance
and
diversity
(Spencer
and
Greene,
1981).
Blue-green_algae are more tolerant perhaps due to the production of
extracellular organics whicn can detoxify nickel,
a process previously
identified
as
used
by
Aphanivcmenon
flos-aquae
to
complex
copper
(McKnight
and
Morel,
1979).
Mangi
at
31.
(1978)
cultured
algae
from
natural
collections
to
study
the
effects
of
Cr(6+)w
While
inhibition
occurred
at
10
ppm,
some
cells
were
apparently
healthy
after
2 weeks
of exposure.
The uptake
of
chromium
was
found to vary with the chromium concentration and it was suggested that
adsorption was responsible for the uptake, even on dead cells, proving to be a
means of detoxifying the cultures.
The effects of zinc have been studied on
the green alga Chlorella vul aria (Rocnlin and Farrah, 1974; Coleman at al.,
1971), Scenedesmus quadricaud
(Petersen, 1982), and Pediastrum tetras
(Coleman et al., 1971) as well as the euglenaphyte Euglena virdis (Coleman gt
al.,
1 7177
While Coleman et a1.
{1971)
showed
that the dry weight of algae
increased at concentrations up to A.z ppm during a 3 week test, Rachlin and
Farrah (1974) found that 2.1 ppm retarded growth by 50% after only a days.
In
nature the problem of zinc toxicity is complicated by possible additive or
synergistic effects wi+h ather contaminants such as copper (Petersen, 1982;
Anderson and Weber, l;‘,; Sprague and Ramsay, 1965; Brown and Dalton, 1970;
Lloyd, 1961).
Synergiatic effects wilw be discussed more fully in the
following part of the report.
 
A natural oh tcplanktnn assemblage was subjected to
various heavy
metals, singly and in mixture,
followed by either sediment or bog water (a
natural chelator) to determine the effects on photosynthesis (Hongve at al.,
1980).
In this instance mercury toxicity was
the greatest followed by copper,
cadmium, lead and zinc. a result similar to Bechter (1976) who reversed the
ranking of lead and zinc.
The addition of sediment caused the greatest
reduction in the toxicity of mercury, the metal most readily sorbed, and the
least reduction in cadmium and zinc, the metals least readily sorbed.
 
PLB’s have
r‘gae) Lichetehsteih g_
tl§7ﬁl have oetermihec
the chlorine content of the ' .
decreasing effects. Though ail;
EyEEhcidosa,
Hawes
§t_al.
(1%”;a}
,t
that
PCB's
exerted
temperary
depressing effects and only a
:ooc .
ations
far higher than are likely to
occur
in nature.
beeh
estalished
that
sublethal
effects
are
directly
related with chic
Th
"dﬂtﬁfﬁ whereas lethal effects are inversly
related
(Peakall
and
LihI
‘ 177%;
Hawas
et
81.,
1976b).
Hawes
at al,
(1976b)
usxic *0 a number of ﬁre hwater
>11ingan et al. (19?3) ": Ewald et_§l.
.
perturbation
is
invers;
related
to
wigher chlorinated PCBI .ave
a similar conclusion u‘ g Chlorella
r
x
a
.
“
g
;
.
1
v
“
3
}
.
.
.
0
:
,
“
b
3
x
(
o
g
«
r
3
.
n
g
r
t
»
L
.
k
l
.
a
.
!
Z
\
warn
that
laboratory
resu
may
also
be influenced
by
algal
Cui
are
density
and
age.
Using
Euglena
c
#WWM_
Ewald
at El,
(1976)
found that
there
was
no
inhibition
of population
growth
:c
".
gem
and
could
not
get
ehough
AROCLUR
H.
v
:7,
There
was
a
decrease
in
carbon
fixation
aha
chlorophyl"
'
‘
AHUCLDR
1221
though
no difference
for
oxygen
consumption
was
,2
l.
a.
y
suggested
that
population
growth
inhibition
was
the
a“
gép'lr
“c photosynthesis
or chlorophyll
production
perhaps
. '7“
::;T
w of
cell
wall
permeability
as
PCB's
have
been
shown
to
bind
t
“77'
is
u
at
these
A
number
of
“
c
ha',
uni.
.ouad
to
have
negative
effects
on
algae.
Euglena
gracilis
is
“ ‘s,=_.
in
:5
To
. up
to
10% lubricating
or
diesel
oil
and
is
found
at
oil
p"”x
or
71
v;
xvii
écehedesmus
guadricatca
exhibits
reduced
growth
and
pop
on
sf
6
it
“
iar
oil
concentrations
and
is
found
primarily
at
unpolluteo
es
’“:.u.w'
3‘
33 gl.,
l975).
A
one
minute
immersion
in
oil
of
their
sutst
::
~
~
.und
to
reduce
the
population
of
red
algae
and
increase
the
greeh
:
2“
ir
a
study
of
a
stream
ecosystem
(Lock
et
al.,
1981).
However,
the
re
.**
1‘
'e
algae
was
highly
variable
and
it_wes
concluded
that
the
"‘
i.-
u
i.
La
La
ent
upon
the
species
or
even
strains
present?
a
.c
:ku‘ii;
in_:;;.:_
v”
airr.
(Kauss
at al.,
1973;
PuliCh
et al.,
1974;
Kauss
and
Vx'
H;
gdm,
E“V’;
Parsohs
at
gig,
1976).
In
geheral,
BE‘EEéat
shift in commu
vi
ct'
. 1
found,
Gaur and Kumar
(198l3
found that all
test
oils
exer'
’
’"
“
‘
acts
on
algal
growth,
a result
similar
to
 
Soto
at
al.
(1975),
; .;
.
{197mb
and
Hsiao
(1978)
though
stimulation
of algal
growth
by
a sur’
. scum
{35
been
observed
by
Gordon
and
Prouse
(1973),
Dunstan et
al,
‘lfii?r
and Dar"
“
__
(1976)“
The
inhibition
of
growth is thought
L
.6 7~.
in
~ somber
:3 u7,tcrs including
alteration of
cell
membrahes,
ion
;>
;r
:;
>3ms,
photosynthesis,
mucleic
acid
synthesis,
or
other
metabolic
W?"
.l.
:
daaer,
l970;
O'Brien
and
Dixon,
1973;
Karydis, 1979),
gagggig
are
the
most
frecuenty
used
zooplankton
species
for
toxicity
tests.
In
a
study
of
chronic
cadmium
stress
of Q.
galeata megggtate
it was
found
that
the
test
copulations
exhibited
increased
turnover
rates,
temporal
variability,
probabil
tv
of extihcrion.
and
proportion
of ovigerous
females
(Marshall,
l978).
Ih
ividuals
ha.
increased
prenatal
mortality,
average
weight,
and
brood
size.
It
we
concluded,
however,
that
barring
synergistic
interactions
with
other
factor
‘
lake,
0.15
1g
Cd/l
would
probably
not
have
a detectable
effect
on
the
population
dynamics
of this
species.
An
interesting
observaticn was that since cadmium stress
favors increased size,
(1
 
  
it may have a synergistic Tﬁfjl j"¥“;: with fish predation on larger
 
zooplankton (Hall 33 §;.. lx‘n
aertras and Hart (1979) found that cadmium
did not affect time to maturity -: f ooancy of broods in Daphnia Eulex but
did affect the percent of adoits arsoncing young, the number of broods per
adult, the number of young per brood, total reproduction per female, the rate
of population growth, and the generation time. Cadmium in solution or
adsorbed onto Chlorggia_hao the 'ame affect. Kettle et a1. (l980) found that
Daphnia culex increa 2r
 
i the: oxy consumption in the presence of cadmium
while another caldoceran, ﬁgmoceohalos serrulatus, decreased oxygen
consumption, again illusl." log the difficulty of the 'representative'
species. Qaphgia gale: Mad increased longevity and fecundity in the
laboratory portion of this study but did notshow a response under field
conditions. Simocephalus serrulatus was much more sensitive with no
reproduction and limited life span oath in the lab and field. Winner and
Farrell (l976) concluded that larger species of Daphnia (magna and pulex) are
significantly less sensitive to cadmium stress than smaller species ( arvula
and ambiogg) though the four species did not differ in their susceptibi ity to
chronic stress. As another caveat, Canton and Adema (1978) found no
difference between three species of Daghnia in their toxicity tests but did
find that the results of experiments run in two different laboratories were
more divergent than the results of multiple replicates in one laboratory.
 
  
 
Temperature may play an important role in determining the toxicity of
cadmium and lead to Daphnia and the copepods Cyclops bicuspidatus thomasi and
Diagtomus sicilis (Wilson, 1980). Copepods have the additional complication
of having differential sensitivity between sexes. Though Wilson (1980) found
copepods to be more sensitive to heavy metals than Da hnia, other studies have
shown the opposite to be the case, at least for cadmium (Marshall, 1979;
Marshall and Melinger, 1978) and chromium (Baudouin and Scoppa, 1974), an
element copepods do not seem to absorb (Baudouin at al., 1972). Another
factor to be considered in field studies is the time of the year as Borgmann
at al. (1980) found that copepods showed a cycle of sensitivity being most
sensitive in late fall and winter and least sensitive in early summer, to
cadmium, copper, mercury, and lead. It was also found that extrapolation of
lab data to the field may be difficult due to the number of factors effecting
toxicity in nature.
PCB's are relatively toxic to Daghnia ulex with concentrations as
low as 0.02 ppm toxic to juveniles (Morgan, 1972 . It was shown that PCB
adsorbed to algae caused mortality to Q. pulex in only 4 days indicating that
Poa's may be passed along the food chain. 011 and water soluble fractions of
such hydrocarbons as #2 fuel oil and coal tar creosote greatly depress growth
and reproduction in g, oulex as well (Geiger, 1979; Geiger 55 al., 1980;
Geiger and Buikema, 1981). Changes in filtering rate may be a sensitive
indicator of sublethal stress by these contaminants (Geiger and Buikama,
1981). Wong §t_al. (1981) examined the effects of small oil particles (of
phytoplankton size) on Q;_pulex. They found that the toxic effect increased
with concentration, and that weathered oil, which had lost most of its
volatile and toxic components, was less toxic than fresh oil.
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habitat
requiring
a
careful
sampling
ssheme
for
accurate
population
estimates.
This
was
also
hated
by
Sweeney
(1978)
in
Lake
Erie.
It
was
concluded that dredging caused:
1)
Significant
siltation
in
adjacent
areas
near
the
dredge
site
due
to
prop
wash
by
the
dredge
and
the
inefficiency
of
the
dredge
to
remove
all suspended particles;
2)
Removal
of
the
benthic
organisms
by
the
dredge;
and
3)
Alternation
of
current
patterns
and
sediment
distribution.
Regarding
the
effects
at
the
disposal
site
they
concluded:
l)
The
population
covered
by
disposed
material
recovered
after
7
days;
2)
There
was
a
decline
up
to
50
m
from
the
disposal
site
of
the
benthos
due
to
siltation.
This
will
vary with
the
specific
dredge
operation
depending
upon
site
depth,
currents,
and
the
type
of
dredge
material;
and
3)
Most
individuals
of
the
benthic
community
were
not
grossly
impaired.
Again,
the
effect
of
pollutants
that
may
have
beenreleased
by
the
dredge
operation
were
not
monitored
in
this
study
so
there
is
no
way
to
determine
if
this
was
a
possible
cause
of any
of
the
observed
effects.
In
a
study
of
a
Lake
Erie
disposal
site
out
of
use
for
5
years
it
was
found
that
the
disposal
site
remained
more
polluted
than
the
control
sites
and
still
exhibited
"lower
quality"
than
the
control
sites
(Sweeney
23
al.,
1975).
It
was
found
that
heavy
metals,
with
the
exception
of
cadmium,
and
oil
and
grease,
were
in
higher
concentration
at
the
disposal
site.
This
would
seem
to be
good
evidence
for
the ability
of
the
sediments
to
retain
contaminants out of the water column.
The benthic community remained
disturbed
with
a greater
evenness
in species
diversity
occurring
at
the
control sites,
though the species composition at both sites were
indicative of
a
sediment
containing
a
high
degree
of
organic
matter.
There
was,
however,
no
actual
difference
in
the
calculated
species
diversity
index.
It
was
concluded
that
a
prohibition
should
be
placed
on
open
lake
disposal
for
dredge
material
from
polluted
sources,
specifically
the
Cuyahoga
River
and
Cleveland
harbor.
A
more
comprehensive
survey
conducted
at
the
Ashtabula
River
disposal
site
(Flint,
1979)
similarly
found
that
the
control
sites
were
more
diverse
and
their
population
densities
more
evenly
distributed
among
the
species
(iyg.,
no dominant
species).
It
was
concluded
that
the
benthic
community
at
the
disposal
site
had
substantially
changed
after
deposition
representing
a
less
stable
community
structure
exhibiting
larger
population
fluctuations
than
at
the
control
sites.
The
disposal
site
changes
were
related
to
substantial
increases
in
individuals
of the
oligochaete
genus
Limnodrilus
(especially
,5.
udekeminus
and
L.
hoffmeisteri)
and
a
decrease
in
Individuals
in
species
of
the
genus
Aulodrilus.
It
was
also
found
that
river
and
harbor
dredge
material
mediated
different
responses
at
the
disposal
site,
perhaps
due
to
differences
in the sediment texture.
With both types of dredge material there was an
increase
in
the
number
of
oligochaetes,
particularly
those
species
considered
most
opportunistic
(such
as
Peloscolex
multisetosus
multisetosus).
The
predominance
of
oligochaetes
at
disposal
sites
has
also
been
reported
by
Kinney (1972) in Lake Ontario.
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ORGANISM ORGANICS REMARKS REFERE MiES
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ansa s11; BCF lindane A mm 452 - model ecosystem Sanborn, 19714 in Thomas
5460 1975
out 2, 5,2‘ — 5795
trichlorcbimenyl
BCF 2,5,2' ,5‘ 4etra- 39,439
microbimmyl "
BL‘F 2,4,5,2‘ ,5‘— 59,629
pentamlorobidlmyl
Chamborus punctigennis BCF MIIILOR 1254 25076.9
laboratory experiment ~ 4day Sanders ll Chandler, 1972
{lin anilals
30
exposure; organisms collected
[lin water
1.3mm .
in field (Missouri)
Urcumctes nais Bi}
MIIZLOR 1254 166.7
laboratory experiment — 4 day Sanders 21 Chandler, 1972
[Iin animals
0.2
exposure; organisms collected in field
{]in water
1.2ppb
(Missouri); max. observed 80725200
on day 21 (no plateau observed)
 
Gamams
BLT
#2010}! 1254
24175
laboratory experiment
Sanders & (handler, 1972
ﬂSBUdOliﬂnanb'
[] in animals
39 ppm
4 day exposure
U in water
1.6 ppb
animals collected in Missouri
from gra
m BCF ma
x.
3 28500 between day 7 a 14
(plateau)
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Concentration of Contaminants
found in the fish of lake Erie
in parts per million (ppm)
 
 Fish
Basin
Year
Level
Range Re
ma
rk
s R
efe
ren
ces
 
ARSENIC
Barbote
Carp
Channe
l catf
ish
Snelt
Wal
ley
e
mite
bass
White
sucke
r
Yello
w per
ch
Yellow perch
Eastern
Central
Wes
ter
n
Central
Central
Central
Central
Eastern
Western
Eastern
Central
Western
Western
Central
Central
Eastern
1975
19
75
1973
1975
1976
19
75
1976
19
75
1973
1975
1
9
7
6
19
73
1
9
7
5
19
75
19
76
1
w
7
n
0.
03
0.12
0.
02
0.03
0.
09
0.03
0.04
0.13 — 0.16
0.
12
0.
02
0.08
0.01
(0
.0
1
0.10
0.09
0.03
— 0.1
0
0.01
wet wt.
wet wt.
off Sw
an Cre
ek
Whit
lng
Powe
r Pl
ant
wet wt.
wet wt.
Wheatl
ey Doc
k
wet wt.
off Swan Creek
wet wt.
off Swan Creek
Whitlng
Power Pl
ant
wet wt.
wet wt.
we
t
wt
.
Trave
rsy g
t a1.
, 197
5
Trave
rsy e
t 1.
, 197
5
Mich. D.N.R. (urpubl.) m
Konas
ewlch
gt 31
., 19
78
Traversy gt
a1., 1975
Brezln
a & Ar
nold,
1977 i
n
Mmmnmg
tﬂqlwa
Traversy
gt 1.,
1975
wn.MJLR.(wpmn.)lﬂ
Konasewich e
t a1., 1978
Traversy
g3 31.,
1975
Mich. D.N.R. (unpule 19
Konasewich §t_gl., 1978
Traversy et al., 1975
Brezlna & Arnold, 1977 in
Konasewlch et a1., 1978
Mich. D.N.R. (urpub1.) g;
Konasewld1§§_§1., 1978
Traversy
gt a1.,
1975
Trave
rsy g
t a1.
, 19/
5
Brezina & Ar
nold, 1977 i
n
Kona$ewich §t_a1., 1978
  
  
37; sh Bas
in Year
Level Range
Remarks
References
.‘éﬂﬂﬁ
ﬁrown bullhdad a. Cen
tral 1975
0.11
Presque Ile Peninsula
Brezlna a. Arnold. 1977
y;
manual catfish - Konasewich 9t 31., 1978
:[i’aannei catfish Western 1973 0.78 off Swan Creek Mich. D.N.R. (urpubl.) in
0.02 Whiting Power Plant Konasewlch et al. , 1978
Smelt Central 1976 < 0.1 Wheatley Dock Dnt. H.N.R. (urpule '_n_
Konasewich §_
t_ El. , 1978
:‘milc‘yt Western 1973 0.10 off Swan Creek Mich. D.N.R. (urpubl.) _'Q
0.14 Whiting Power Plant Konasewich et al., 1978
Wlte (grapple Central 1976 0.07 Brezlna & Arnold, 1977 Q
Konasewich 5.1 g., 1978
Waite sicker Central 1976 0.05 Brezlna ll Arnold, 1977 in
Konasewlch e_t a_l_., 1978
51094 nerch Western 1973 0.02 off Swan Creek Mich. D.N.R. (unpubl.) 13
0.02
Whiting Power Plant Konasewlch gt EL, 1978
Central 1976 0.01
Brezlna & Arnold, 1977 in
Konasewich e_t 11:, 1978
 Fish
Basi
n
Year
Leve
l
Rang
e
Rema
rks
Refe
renc
es
ClRi
MILM
Chan
nel
catf
ish
West
ern
1973
0.18
off
Swan
Cree
k
Mich
. D
.N.R
. (
unpu
bl)
_i_Q
‘
0.39
Whit
ing
Powe
r Pl
ant
Kona
sewi
ch g
11;
1978
.
Cent
ral
1976
0.13
Brez
lna
& Ar
nold
, 19
77 £
1
Kon
ase
wic
h g
; _
a_l.
, 1
978
Coho
salm
on
Whol
e la
ke
1978
0.30
i 0.
07
Grea
t La
kes
Wate
r QJ
alil
ty,
197
9,
App
. B
Walle
ye
Weste
rn
1973
0.20
off S
wan C
reek
Mich.
D.N.R
. (u
npul
e 111
0.12
, Whit
ing P
ower
Plant
Konas
ewich
g 511
., 19
78
Yello
w per
ch
Weste
rn
1973
0.18
off S
wan C
reek
Mich
D.N.R
. (ur
publ.
) 111
0.29
Whiti
ng Po
wer P
lant
.
Konas
ewlch
e_t _a_
l., 19
78
 
 
 
  
: 15h Basin Year Level Range Remarks References
cop
ra:
Channel catfish Western 1973 0.61 off Swan Creek Mich. D.N.R. (urpubl.) in
0.40
Whiting Power Plant Konasewich gt a_1. , 1978
Channel eatfish Central 1976 0.51 Presque Ile Peninsula Brezina & Arnold, 1977 in
.1 brown bulihead , Konasewich gt g1. , 197B
Coho ~almon Whole lake 1978 1.56 1 2.05
wet wt. whole fish Great Lakes Water Quality,
1979,
App.
8
Rainbow smelt mole lake 1978 0.36 i 0.17
wet wt. whole fish Great Lakes Water mality,
(5 fish
in compo
site)
1979, Ap
p. 8
Central 1976
0.68 — 0.80
Wheatley Dock
Ont. M.N.R. 1976 (urpub1.) 1Q
Konasewich gt §_1_., 197B
lleye Western 1973 0.44
off Swan Creek Mich. 0.N.R. (unpub1.) in
0.32
Whiting Power Plant
Konasewich g; 31., 1978
White grapple Central 1976 0.24
Presque Ile Peninsula Brezina & Arnold, 1977 in
Konasewich gt _a_1_., 1978
white sucker Central 1976 0.82
(liter throour, Erie, Pa. Brezina & Arnold, 1977 _i_n.,
Konasewich gt 511., 1978
Yellow perch mole lake 1978 0.70 _+_ 0.53
wet wt. wh01e fish Great Lakes Water mallty,
1979, App. 8
Western 1973 0.30
off Swan Creek
Mich. D.N.R. (unpub1.) in
0.41
Whiting Power Plant
Konasewich at al., 1978
Central 1976 0.18
Outer Harbour, Erie, Pa. Brezina & Arnold, 1977 i
Konasewich gt g” 1978.—
  
 Fish
Year
Level
Range
Remarks
References
LEAD
Channel catfish
Nor
the
rn
pik
e
Snelt
Walleye
Wil
te
sua
ker
Western
Central
Eastern
Western
Cen
tra
l
Central
Eastern
Western
Western
Central
Central
1973
1976
1
9
7
8
19
78
19
76
19
78
1978
19
73
1978
19
78
0.
13
0.18
0.09
+
H
”
0.01
0.03
0.01
(0.10
— 0.1
0
(0.10
— 0.2
1
(0.10
—
0.16
(0.10 — 0.19
(0.
10
— 0
.12
(0.
10
— 0
.16
(0
.1
0
—
0.
18
off
Swa
n C
ree
k
Whi
tin
g P
Uwe
r P
lan
t
Presq
ue Il
e Pen
insul
a
Long Pt. Bay
Wheatl
ey Doc
k
Erieau
Wh
ea
tl
ey
Long Pt. Bay
off Swan Creek
Whiting Power Plant
Erieau
Outer
tar00
01. h
ie, P
a.
Mich. D.N.R. (unpule in
Konas
ewich
§t_§1
., 19
7B
Brezina & Ar
nold, 1977 i
n
Konaswich 2;
al., 1978
ittle, 1980 (unpuhl.) 1g
Great Lakes
Science Advi
sory
80.,
1980
Whittle, 1980 (unpule 12
Great Lakes Science Advisory
80., 1980
t. M.N.R. (urpubl.) i_n
Konosewich gt al., 1978.
Whittle, 1980 (unpule 13
Great Lakes
Science Advi
sory
80.
,
19
80
mittle, 1980 (unpule 1g
Great Lakes
Science Advs
iory
80., 1980
Mich. D.N.R. (unpubL) in
Konasewich g
t_§1., 1978
Whittle, 1980 (unpubl.) in
Great Lakes Science Advsiory
ea. , 1980
Whittle, 1980 (unpubi.) 19
Great Lakes
Science Advi
sory
ea. , 1980
Brezina & Ar
nold, 197? i
n
Kaneswich gt a_1., 1
n
a
 
LEAD
¥%110w
Y
e
1
1
0
w
 
Basin
Year
Level
Range
Remarks
References
Perth
Western
1973
0.30
off
Swan
Creek
Mich.
D.N.R.
(unpubl.)
in
0.20
Whiting
waer
Plant
Konasewich
§£_gl.,
1978
perch
Western
1978
0.15
I
0.01
(0.10
—
0.28
Whittle,
1980
(unpubl.)
in
Great
Lakes
Science
Advisory
80.,
1
9
8
0
Lbntral
1976
0.14
Outer
Harbor,
Erie,
Pa.
Brezina
&
Arnold,
1977
in
Konasewlch
gt
al;
1978
Central
1978
0.20
1
0.02
(0.10
-
0.40
Erieau
Whittle,
1980
(unpubl.)
in
0.16
1
0.01
(0.10
—
0.28
Wheatley
Great
Lakes
Science
Advisory
Bd.,
1980
Eastern
1978
0.16
1
0.01
(0.10
—
0.38
Long
Pt.
Bay
Whittle,
1980
(unpubl.)
1n
Great
Lakes
S
c
i
e
n
c
e
A
d
vi
g
a
r
y
8d.,
1980
  
 F
i
s
h
Basin
Ye
ar
Level
Range
Remarks
Refer
ences
MER
CUR
Y
 
Alewife
Br
ow
n
bu
ll
he
ad
Chan
nel
catf
ish
A b
row
n b
ull
hea
d
Carp
Channel catfish
Whole
lake
“10
18
lak
e
Cen
tra
l
mo
le
lak
e
mo
le
lak
e
Western
Western
Central
Eastern
Western
Western
Western
Central
19
76
1967
—196
8
1976
1967
—196
8
19
76
1970
19
70
i9
70
19
70
1
9
7
0
1970
197}
1970
0.08
0.
19
0.08
0.22
0.
03
0.08
0.07
0.
12
0.
07
0.13
0.
10
0.26
0.
30
0.
42
fil
let
fil
let
Bono fillet
San
dus
ky
fil
let
edible tissu
e (25 fish
in composite)
edible tissu
e (17 fish
in composite)
edible tissu
e (14 fish
in co
mposi
te
Sandusky; fillet
Bono; fillet
Monroe
; fill
et
edible tissu
e (25 fish
in composite) '
off Sw
an Cre
ek
Whiting
Power Pl
ant
edible portlnn {20 fish
ir
=c
uxn
po
si
f‘
9
Sh
er
bi
n,
19
79
Th
om
me
s
t a
l.
Konase
wich _
.
Bre
zin
a &
Arn
old
, 1
977
in
Kona
sewi
d)
t al
Tho
mme
s
t a
l.
Konasewich __
She
rbi
n,
197
9
Fed. W
ater Q
uality
Admin.
,
1970
in K
onas
ewic
h e;
gl.,
19
78
Will
ford
, 19
71 i
n Ko
nase
wich
Egg”
1978
Willford, 19
71 in Konase
wich
Egg” 197a
Willfo
rd, 19
71 in
Konase
wich
Egg” 1978
Fed. Water Q
uality Admin
.,
1970 in Kona
sewich gt al
.,
1978
Willfo
rd, 19
71 in
Konase
wi M
£21.,
1978
Mich. D.N.R. (unpubl.) 13
Konas
ewich
et al
., 19
78
Willfo
rd 19
71 in
Knnase
wi
Q: .31., 1973
 
 
If
RC
UR
14
. on: sslmon
 
Gi
zz
a r
d
sh
ad
  
Basin
Ye ar
Le vel
Range
Remarks
Re ferences
Whole lake 1969 0.36
whole fish
Fed. Water Quality Admin. ,
1970 in Konasewich gt 31.,
19
78
mole lake 1976
0.20
0.11 — 0.35
Sherbin, 1979
Whole lake 1978 '0.15 1 0.06
ea. sample ~ 5 fish Great Lakes Water Quality,
(whole fish) 1979, ﬁpp. B
Western
1970
0.24
Sandusky; fillet
Fed. Hater mality, Mnin.,
0.96
Bono; fillet
1970 in Konasewich Q 511.,
0.96
Monroe; fillet
1978
western
1970
0.69
edible tissue (20 fish
Hillford, 1971 1Q Konasewich
in composite)
a 511., 1978
Central
1970
0.58
edible tissue (10 fish
Willford, 1971 in Konasewich
in composite)
§_t_ 11., 1978
Eastern
1970
0.51
'
edible tissue (13 fish
Willford, 1971 in Konasewich
in composite)
a 31., 1978
mole lake
1967-1968 0.35 1 0.04 0.19 — 0.40
(fillet)
Thommes Q; 31., 1972 E
KonasewiCh i
g1., 1978
Western
1970
0.67
edible portion (25 fish
willford, 1971 _i__n Konasewich
in composite)
$1311., 1978
Central
1970
0.62
edible portion (20 fish Willford, 1971 in Konasewich
in composite)
ﬂ §_l_., 1978
Eastern
1970
0.30
edible portion (25 fish Willford, 1971 in Konasewich
in composite)
e; a_l_., 1978
Whole lake 1967—1968 0.14 : 0.014 0.05 — 0.25
fillet
Thommes _‘t_ a_1., 1972 i_n
Konasewic lei” 1978
Western 1970 0.24
Sandusky fillet
Fed. Water mality Admin.,
1970 in Kona
sewich gt g1
.,
1978
 
 F
i
s
h
Basin
Y
e
a
r
Level
Range
Remarks
References
ifRCURY
 
Gizzard
shad
Goldfish
Ralrmow smelt
Sheepshead
Snallmouth bass
Steelhead
Walleye
W
e
s
t
e
r
n
Central
Eastern
Nwle lake
"1018 lake
CEntral
Eastern
Western
Central
W
e
s
t
e
r
n
mole lake
W
e
s
t
e
r
n
1970
1970
1970
1967—1968
1978
1976
1970
1970
19
70
1970
1967v1968
1970
0.22
0.21
0.26
0.13 l 0.06
0.01
—
0.20
0.05
+
0.02
0.03 f 0.15
0.30
0
.
2
4
0
.
5
5
(0.
15
0
.
8
4
‘
0
0
“
M
N
M
edible portion (25 fish
in composite)
edible
portion
(15
fish
in
composite)
edible
portion
(18
fish
in composite)
ea.
sample
= 5 fish
(whole fish)
Wheatley Dock
Whole
fish
(10 fish
in
composite)
Sandusky; fil let
edible
tissue
(14 fish
in composite)
Monroe;
fillet
fillet
Monroe; f111et
Sandusky;
fillet
Rais
on P
t.;
fille
t
Willford,
1971 1_!_‘I_ Konasewich
gt §_1_., 1978
Willford, 1971 in Konasewich
2911., 1978
Willford,
1971
1Q
Konasewich
§£_§1.,
1978
Thommes et a1.
Konasewich
T
:31
Great Lakes Water Quality,
1979, App. 9
1972 lg
.,
1978
Git
M.N.R.
(unpubl.)
13
Konasewich
e_t £31.,
1978
Willford,
1971 in
Konasewich
§t_gl.,
1978
Fed.
Water
Quality
Mmin.,
1970 in
Konasewich gt g1.,
19
78
Willford,
1971
in
Konaseuicts
it
81.,
1978
Fed.
Water
Quality
Mnin.,
in
Konasewich
_e_t a1.,
1978
Thommes
et
a1.
Konasewich_t_a_l_
Fed.
Water
ﬁnality
Admin,
1970 1Q Konasewich gt
g1.i
1978
1972 13
.,
1
9
7
8
  
fish
Remarks
References
 
nmGMY
Walleye
Mqite Bass
Western
W
e
s
t
e
r
n
Western
Western
Western
Western
Western
Central
Eastern
moi e lake
M1016 lake
Whole lake
N101e lake
Western
Western
0.2
— 1.06
0.15
— 1.98
0.09 —
1.25
edible tissue (25 fish
in composite)
fish tissue
fish tissue
off
Swan
Creek
Whiting Power Plant
fish tissue
fish tissue
fish tissue
edible tissue (25 fish
in composite)
edible
tissue
(25
fish
in composite
fillet
Bono; fillet
Sandusky; fillet
Raison Pt.; fillet
edible tissue
(25 fish
in
canposite)
Willford. 1971 in Konasewich
23 al., 1978
Kinkead & Hamdy, 197B
Kinkead & Hamdy, 1978
Mich.
D.N.R.
(unpubl.)
lg
Konaswich §_t_ gin 1978
Kinkead & Hamdy, i978
Kinkead & Hamdy, 1978
Kinkead & thmdy, 1978
Willford,
1971
in Konasewich
e; g;.,
1978
Willford,
1971 in Konasewich
gt
gl.,
1978A
Thommes
et
a1.
Konasewich
t
51
_._.'l
1972 lg
1978
Sherbin, 1979
Sherbin,
l979
Sherbin, 1979
Fed.
Water
QJality Admin.,
1970 in Konasewich gt al.,
1978
Willford, 1971 in Konasewich
gt al., 1978
  
 Fish
Basin
Y
e
a
r
Level
Range Remarks Refer
ences
DERL‘URY
White bass
White crapple
White sucker
Yellow perch
Western
Western
Western
Western
Western
Central
Eastern
Central
Western
Central
Central
Eastern
mole lake
mole lake
19
71
19
72
1975
1976
1977
1970
1970
1970
1976
19
70
1967—1968
1978
1.
19
0.53
0.77
0.31
0.21
0.
72
0.43
0.12
0.55
0.56
0.09
0.35
0.42
0.09
0.05
0.05
0.49 — 2.12
0.08 — 1.96
0.12 - 1.57
0.26 — 0.37
0.06 — 1.06
0.29 — 0.61
fish
tissu
e
fish tissue
fish tissue
fish tissue
fish tissue
edible tissue (25 fish
in composite)
edible tissue (25 fish
in canposite)
Presque Ile Peninsula
edible tissue (24 fish
in composite)
edible tissue (8 fish
in composite)
Outer tbrbor, Erie, Pa.
edible tiSsue (25 fish
in composite)
fillet
ea. sample : 5 fish
(whol
e fis
h)
Kinkead & Hamdy, 197a
Kinkead & Hamdy, 1978
Kinkead a Hamdy, 1978
Kinkead & fbmdy, 1978
Kinkead & Hamdy, 1978
Willford, 1971 i
KonasewiCh et a1., 1978
Willford, 1971 in Konasewich
§t_g1., 1978
Brezina & Arnold, 1977 in
Konasewich §t_§1., 1978
Willford, 1971 in Konasewich
$11., 1978
Willford, 1971 in Konaseuich
et a1., 1978
Brezina & Arnold, 1977 in
Konasewich §t_§1., 1978
Willford, 1971 in Konasewich
gal... 1978
Thommes et a1. 1972 in
KonasewiEh _t $1., 1978
Great Lakes Water Quality,
1979, App. 8
  
 ﬁgﬁCURY
Basin
Year
Level
Range
Remarks
References
Vellum perch
Western
1970
0.44
Bono; fillet
Fed. Water mality Admin.,
0.32
Sandusky; fillet
1970 in Konasewich gt 13.1.,
1.7
Monroe; fillet
1978
Western
1970
0.61
edible tissue (25 fish
Willford, 1971 in Konasewich
in composite)
gt 1L, 1978
Western
1973
0.55
off Swan Creek
Mich. D.N.R.
(urpubl.) in
0.57
Whiting Power Plant
Konasewich g; g”
1978
Central
1969
0.25
meatley Dock
Fed. Water Quality Admin.,
(whole fish)
1970 _1_g Konasewich Q g"
1978
Central
1970
0.49
edible tissue (25 fish
Willford, 1971 in Konasewich
in composite
gt g"
1978
Central
1976
0.28
Outer harbour, Erie, Pa.
Brezina & Arnold,
1977 £1
Konasewich
gt
g”
1978
Eastern
1970
0.29
edible tissues (25 fish
Willf‘ord, 1971 £1 Konasewich
in composite)
2:11.,
1978
  
 Fi
sh
Basin Ye
ar
Level
Range
Rem
ark
s
Ref
ere
nce
s
NI
CK
EL
Chan
nel
catf
ish
Channe
l catf
ish
& br
own
bull
head
Wal
ley
e
White
Crappi
e
Whi
te
suc
ker
Yel
low
per
ch
Western
Central
Western
Central
Ce
nt
ra
l
Wes
ter
n
Cen
tra
l
197}
1976
19
73
19
76
19
76
1973
1976
0.13
0.20
0.68
off
Swa
n C
ree
k
Whit
ing
Powe
r Pl
ant
Presq
ue Il
e Pen
insul
a
off
Swa
n C
ree
k
Whit
ing
Powe
r Pl
ant
Presq
ue Il
e Pen
insul
a
Enter
Harbo
ur, E
rie,
Pa.
off Swan Creek
Whi
tin
g P
owe
r P
lan
t
Outer Harbor
, Erie, Pa.
Mic
h.
D.N
.R.
(un
pub
l.)
in
Kon
ase
wic
h g
t 3
1.,
197
8
Brez
ina
& Ar
nold
, 19
77 i
n
Kon
ase
wic
h 2
; a
l.,
197
5
Mich. D.N.R. (unpule i_n_
Kona
sewi
ch e
t_al
.,
1978
Brezin
a & Ar
nold,
1977 i
n
Konasewi
cn gt al
., r
Mich.
D.N.R
. (u
npuh,
}
Konas
ewich
et al
., 10
..
 
Brezina & A
rnold, 19??
i3
Kona
sewi
ch e
t al
.,
é‘ﬁ:
 
 mannel
catfish
intaow smelt
Walleye
w 3 t E
El :cke
r
‘¢':‘-lio
w ner
ch
Basin
Year
Level
Range
Remark
s
Refere
nces
Wester
n
1973
6.05
off Sw
an Cr
eek
Mich.
D.N.R.
(urpub
l.) in
5.35
Whiting
Power Pl
ant
Konasewi
ch et 11
., 1978
Central
1976
5.50
Brezina
& Arnold
, 1977 i
n
Konas
ewich
gt g1
. . 19
78
Central
1976
20 — 21o
Ont. M.N
.R. (urp
ubl.) m
Konasewich e
_t_ g" 1978
Western
1973
4.34
off Swan Cre
ek
Mich. D.N.R.
(ur‘publ.) _i_n
_
4.36
Whiting Powe
r Plant
Konasewich g
t 311... 1978
Central
1976
4.31;
Brezlna & Ar
nold, 1977 i
n
Konasewich 9t a_l., 1978
Western 1973
4.59
off Swan Creek
Mich. D.N.R. (unpule
in
4.27
Whiting Power Plant
Konasewich §_t_ 31., 1978
Central
1976
4.8
Brezlna 6: Ar
nold, 1977 i
n
Konasewich e_t_ a1., 1978—
 
 F
i
s
h
Basin
Year
Level
Range
Remarks
 
References
PGB's
Alewife
Bass
Bla
ck
cra
ppi
e
Bluegill
Brown bullhead
Burbot
Carp
Western
Central
Eastern
Eastern
Eastern
Eastern
Central
Eastern
Eas
ter
n
Eastern
Eastern
Central
Eastern
Western
Western
Western
19
75
19
75
1971
1978
1968
19
76
1
9
7
8
1968
1
9
7
6
1968
1976
1971
1976
19
74
19
75
1
9
7
7
0
.
4
3.0
0.57
(0.1
N.D.
1.9
— 3.
7
0.37
— 0.8
6
(0.1
— 0.
1
0.02
— 0.2
3
N.D. — 0.02
(hea
dles
s an
d ev
isce
rate
d
(21
fish
in
com
pos
ite
)
head
less
and
evls
cera
ted
(22 fish
in compo
site)
head
less
and
evls
cera
ted
muscle;
Port Dov
er
{headle
ss and
evisce
rated
mus
cle
muscle;
Rondeau
Bay
head
less
and
evis
cera
ted
muscle
headl
ess a
nd ev
lscer
ated
muscle
mus
cle
Mon
roe
(5
lbs.
75
lbs.
(5
lbs.
)5
lb
s.
wh
ol
e
bo
dy
Frank t
l.) 1978
1978
o
.
4
(
‘
1
Frank et
1978
A
m
Fran
k et
1
|
Rees
, e
t
:
3
., 1979
Fran
k
1978
E
l
H
Crawf
ord &
Bruna
to, 1
978
Rees,
et a
l.,
1979
Frank 3;
1., 1978
Crawf
ord a
Bruna
to, 1
978
Frank 2; al., 1978
Crawford & Brunato, 1978
MOE, 1976 (unpubl.) 1g
Konas
ewich
gt al
., 19
75
Crawf
ord &
Bruna
to, 1
978
Mich. D.N.R. (unpubl.) lg
Konas
ewich
et al
., 19
78
Mich. D.N.R. (unpubl.) lg
Konas
ewlch
gt al
., 19
78
Herdendorf g
t al., 1978
in
Knnasmwtch et al., -’
 
  
4 r.)
Basin
Year
Level
Range
Remarks
References
395.:
Eastern
1970—1971
2.0
0.3
— 5.3
MOE,
1976
(umub1.)
i_n
Konasewlch
gt a_l. ,
1978
Eastern
1976
0.0)}
N.D.
—
0.01
muscle
Crawford
A
Brunato,
1978
""‘annel
catfish
Western
1968
0.2
(0.1
—
0.2
headless
and
evlscerated
Frank
gt _1.,
1978
Western
1971
5.0
4.2
—
5.7
headless
and
evlscerated
Frank
gt
_1.,
1978
Western
1971
5.0
MOE,
1976
(01110131.)
Konasewlch
gt a1. , 1978
Western
1974
2.97
length
>17"
Mich.
D.N.R.
(urpubl.)
£1
3.0
length
17
—
20"
Konasewich
gt
g
”
1978
Western
1975
0.16
_+_ 0.13
length
)17“
Mich.
D.N.R.
(urpubl.)_1_r1
0.30
length
17
—
20"
Konasewich
gt
a_1_.,
1978
Western
1977
3.59
dressed
fish
Herdendorf
2;
g
"
1976
in
3.14
carcass
Konasewich
__t_al_.,
1978
Central
1976
0.93
fillet
analysed
Penn.
D.N.R.,
1977 m
Konasewioh
_e_t___1.,
1978
Eastern
1970—1971
4.4
1.4
—
7.8
MOE,
1976
(unpule
m
Konasewich
$
2
1
.
,
1978
Chinook
salmon
Central
1977
0.135
muscle
Crawford
&
Brunato,
1978
m
m
salmon
Whole
lake
1978
0.91
L
0.66
wet
wt.
whole
fish
Great
Lakes
Water
Quality,
1979, App. 8
Western
1975
1.4
0.6
~
2.7
headless
and
evlscerated
Frank
5%
a:
,
1978
Central
1968
0.3
0.2
—
0.4
headless
and
eviscerated
Frank 4
£11.,
1978
Central
1970
4.0
1.0
— 14.0
headless
and eviscerated
Frank
t
1.,
1978
  
 Fish
Basin
Year
Level
Range
Remark
s
Refere
nces
PCB's
Coho s
almon
Centra
l
1971
1.7
1.5 —
2.0
headle
ss and
evisce
rated
Frank
et 1.
, 1978
Central
1975
0.7
0.4 ~ 2.
0
headless
and evis
cerated
Frank et
1., 1978
Central
1977
0.52
0.23 — 0.98
muscle
Crawford 5. B
runato, 1978
1.13
0.785
— 1.55
Central
1977
0.53
0.17 - 1
.21
muscle;
Port Sta
nley
Crawford
& Brunat
o, 1978
Eastern
1976
0.3
0.1 — 0.5
headless and
eviscerated
Frank et 1.
, 1978
Eastern 1978
1.89
'muscle
Reese, 534., 1979
Inner Lo
ng Pt. B
ay
Drum
Western
1968
(0.1
headless and
eviscerated"
Frank 2; a1.
, 1978
Western 1971
1.4 0.7 — 3.
5 headless
and eviscerated Fra
nk gt _1., 1978
(9 fish in composite)
Western 1975 0.6 0.2 — 1.8 headless and eviscerated Frank gt 1978
(23 fish
in compo
site)
:
"
'
1
m
Central 1971 3.7 2.2 — 4.7 headless and eviscerated Frank
,
4
c
o
l
“
I
m
, 1978
Central 1975 0.7 0.4 — 1.4 headless and eviscerated Frank
2
:
!
u
19 78
Eastern 1971 1.3 0.6 — 1.8 headless and eviscerated Frank 1978
P
1
(
‘
5
a
n
Eastern 1975 0.4 0.2 - 0.6 headless and eviscerated Frank
E
l
4
—
)
19
78
Emerald shiner Western 1975 0.6 0.5 — 0.7 headless and evlscerated Frank A 31., 1978
(60 fish in composite)
Central 1975 0.4 0.3 - 0.6 headless and evlscerated Frank et a1., 1978
‘
(12 fi
sh in
compos
ite)
Eastern 1975 0.4 '5. ‘1 < r; 4'; headless and e‘lx era-ted Frank at al.. 1978
(12
“1.1:
: is
) >
‘ Ma
lta
)
 
it
!
)
 
fitiEi
1i: eram shincr
L? . zero: shad
58mm ‘ th bass
Pumpk
insee
d
Rai
nbo
w s
mel
t
Basin
Year
Level
Range
Remarks
Referenc
es
Eastern
1976
0.69
N.D. — 2.5
muscle
Crawford 4. B
runato, 1978
Western
1968
0.3
(0.1 — 0.6
headless and
eviscerated
Frank g a_1.
, 1978
Western
1971
2.6
2.1 — 3.5
headless and
eviscerated
Frank 431.,
1978
(6 fish in composite)
Western 1975
0.7 0.6 — 0.
9 headless
and eviscerated Fra
nk gt a_l., 1978
(27 fish
in compos
ite)
Central 1971
3.4 2.4 — 4.
7 headless
and eviscerated Fra
nk g 31., 1978
(9 fish
in compo
site)
Central 1975 0.5 0.4 — 0.6 headless and eviscerated Frank _e_t a_1. , 1978
(7 fish
in compos
ite)
Central 1977 0.64 0.36 — 0.93 muscle Crawford 4 Brunato, 1978
Central 1978 0.12 0.01 ~ 0.45 muscle; Rondeau Bay Rees, gt a_l., 1978
Eastern 1975 0.1 0.1 — 0.3 headless and eviscerated Frank _g _l., 1978
Eastern 1976 0.003 N.D. — 0.01 muscle Crawford a Brunato, 1978
Eastern 1968 < 0.1 (0.1 s 0.1 headless and eviscerated Frank et a1. , 1978
Whole lake 1978
0.231 0.10
wet wt. whole fish
Great Lakes Water
(5 fish in composite) Qlality, 1979, App. 8.
Western 1973 0.5 headless and eviscerated Frank gt a_1. , 1978
(10 fish
in compo
site)
Western 1975 0.4 0.2 — 0.6 headless and eviscerated Frank _et _l., 1978
(60 fish
in compo
site)
Western 1976 0.06 Ont. M. Agr. Food (urpubl.)
 
1Q Konasewich gt £11., 1978
«
-
Fish
Basin
Year
Level
Ran
ge
Remarks
 
Refer
ences
PCB
‘s
Rai
nbo
w s
mel
t
Rainbo
w trou
t
Western
Central
Central
Central
Central
Central
Central
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Western
1978
1
9
6
8
1971
19
73
19
75
1
9
7
6
19
78
19
71
19
75
1
9
7
6
1
9
7
6
1978
1978
975
0.65
0.2
1
.
3
0.5
0.1
0.59
0.
63
1.3
0.3
0.32
0.60
0
.
4
4
0.70
0.3
6 —
1.1
6
0.2
— 0.3
0.32
- 0.8
5
1.2 — 1.4
0.1 — 0.6
0.25 — 0.95
( 0.1
— 1.4
0.4 — 0.76
0.33
— 0.5
6
whole
fish
the
adl
ess
and
evi
sce
rat
ed
(1
3
fi
sh
in
co
mp
os
it
e)
,hea
dles
s an
d ev
isce
rate
d
(70 f
ish i
n com
posit
e)
Whole fish
head
less
and
evis
cera
ted
(7
fish
in
com
pos
ite
)
head
less
and
evis
cera
ted
(23 f
ish i
n con
posit
e)
Long Pt. Bay
hea
dle
ss
and
evi
sce
rat
ed
who
le
fis
h;
Por
t D
ove
r
mus
cle
;
Inn
er
Log
g P
t.
Bay
Ree
s,
et
1.,
197
9
Fra
nk
et
1.,
197
8
MOE, 1976 (unpuo1.) in
Kona
sewi
ch g
t a1
.,
1978
MOE, 1976 (unpub1.) lg
Kona
sewi
ch g
t a1
.,
1978
Fra
nk
et
1.,
197
8
Ont.
M. A
gr.
Food.
, 19
76 i
n
Konasewich e
t a1., 1978
Rees,
et
1.,
1979
Frank et 1., 1978
Frank et
1., 1978
Git
.
M.
Agr
.
Foo
d i
n
Kona
sewi
ch §
t_al
.,
1978
Frank et
a1., 197
8
Rees,
t al.
, 19
79
Ree
s,
t a
1.,
197
9
Mich. D.N.R.
, 1976 (unpo
ol.}
in K
onas
ewic
h et
a1.,
1978
 
 r i-sn
Basi
n
Year
Leve
l
Rang
e
Rema
rks
Refe
renc
es
P13
15;
Rainbo
w trou
t
Centra
l
1974
0.3
(0.1 —
0.8
headle
ss and
evlsce
rated
Frank
§_t_ 91.
, 1978
Ventr
al
1977
1.18
0.6 —
2.4
muscl
e
Crawf
ord 11
Bruna
to, 1
978
Easter
n
1978
0.77
0.34 —-
1.29
muscle
; Hald
lmand-
Rees,
2; a1“
1979
Norfo
lk ar
ea
;:k be
Easter
n
1968
0.2
(0.1 ~
0.5
headle
ss and
evlsce
rated
Frank
a; a1"
1978
Easte
rn
1971
0.3
0.2 —
0.6
headl
ess a
nd ev
lscer
ated
Frank
_t _l
., 19
78
auger
Centr
al
1977
0.07
0.05
- 0.1
muscl
e
Crawf
ord &
Bruna
to, 1
978
mllmou
th bas
s
Centra
l
1977
1.0
0.25 —
2.69
muscle
Crawfo
rd a B
runato
, 1978
Easter
n
1968
0.3
0.2 ~
0.84
headle
ss and
evlsce
rated
Frank
gt 9.,
1978
Easter
n
1971
5.8
2.3 —
9.3
headle
ss and
evisce
rated
Frank
2: _l.
, 1978
Easter
n
1972
0.7
0.4 —
1.2'
headle
ss and
evlsce
rated
Frank
_g a1
” 1978
Easter
n
1975
0.3
0.2 —
0.4
headle
ss and
evlsce
rated
Frank
_t __1.
, 1978
Spot—t
all sh
iner
Wester
n
1975
0.06
0.04 —
.0.07
headle
ss and
evlsce
rated
Frank
_t al.
, 1978
(60 flsh
in compo
site)
A)
Western
1975
0.85 1 0
.140
Point Pe
lée (wet
wt.)
Suns & R
ees, 197
8
Eastern
1975
0.08 1 0
.03
Port Col
born (we
t wt.)
Suns (1 R
ees, 197
8
0.05 1 0.03
Port Rowan
(wet wt.)
Wall
eye
Whol
e la
ke
1976
0.11
edib
le p
orti
on
Penn.
D.N.
R.,
1977
l_n
Kona
sewl
ch _
e_t a
1. ,
1978
Wester
n
1968
0.2
(0.1 —
0.3
headle
ss and
evlsce
rated
Frank
E #1.
, 1978
Wester
n
1971
1.0
0.5 —
1.6
headle
ss and
evisce
rated
Frank
et 31.,
1978
  
  
F
i
s
h
Basin
Y
e
a
r
Level Range
Remarks
References
 
PCB'S
Wal
ley
e
White bass
Western
Western
Western
Western
Western
Central
Eastern
mole lake
Western
Western
Western
Western
Western
19
71
19
74
19
75
19
75
1976
19
77
19
71
1976
1968
19
71
1971
1972
1974
1.
0
0.22 1 0.4
0.34 i 0.42
1.3 0.3 — 5.1
4.6
0.13
0.02 —.0.45
0.6
0.32
0.1 (0.1 — 0.3
2.2
2.2
1.1 — 4.8
5.6
2.18 11.22
headless and
eviscerated
(14 fish in composite)
muscle
headless and
eviscerated
edible portion
headless and
eviscerated
headl
ess a
nd ev
iscer
ated
MOE, 1976 (100001.) in
Konas
ewich
gt al
., 19
78
Mich. D.N.R.. 1976 (unpubl.)
in Kon
asewic
h e; 1
1., 19
78
Mich. D.N.R., 1976 (unpule
in Konasewid
w et a1., 1
978
Frank et 31., 1978
Ont. M. Agr.
Food, 1976 i
n
Konasewich gth1., 1978
Crawford A B
runato, 1978
Frank et 1., 1978
Penn. D.N.R. ;_ Konasewich et
a1. , 1978
Frank et 81., 1978
MOE, 1975 (unpubl.) in
Konasewich 2
; a1., 1978
Frank et al., 1978A
MOE, 1976 (urpubl.) ﬂ
Konasewich e
t al., 1978
Mich. 0.N.R., 1976 (urpubl.)
in Konasewich gt g1., 1978
 { .43.
Basin
Year
Level
Range
Remarks
References
“9}:
White bass
Western
1975
0.55
Monroe; 10"
Mich. D.N.R., 1976 (urpubL)
1.78 i 1.10
Monroe; 10"
1Q Konasewlch 2:31., 1978
Western
1976
0.26
Ont. M. Agr. Food., 1976 1_n
’
Konasewich e_t 11., 1978
Western
1978
0.59
0.17 — 1.54
muscle; Pelée Island
Rees, $4., 1979
Central
1971
1.6
0.9 - 2.2
headless and evlscerated Frank gt 511., 1978
Central
1971
1.6
MOE, 1976 (unpub1.)£1_
1.5
Konasewich e; 91., 1978
Central
1972
0.96
MOE, 1976 (unpule Ln
Konasewich at g” 1978
Central
1976
0.1
Ont. M. Agr. Food 13
Konasewich a 31., 1978
Central
1978
0.79
0.39 — 1.39
muscle
Rees, g _l., 1979
Eastern
1968
< 0.1
headless and evlscerated
Frank g; 31., 1978
Eastern
1970—1971
2.1
1.4 — 413
MOE, 1976 (unpubl.) E
Konasewim _e_t §_1_., 1978
Eastern
1971
0.8
0.5 - 1.4
headless and evlscerated
Frank _§ _1., 1978
Eastern
1972
5.6
MOE, 1976 (urpubl.) m
1.0
0.6 — 1.7
Long Pt. Bay
Konasewlch eta}, 1978
Eastern
1972
1.0
0.5 — 5.4
headless and eviscerated Frank e_t_ 4., 1978
White Crappie Eastern 1976 N.D.
muscle
Crawford & Brunato, 1978
White sucker Central 1969 2.5
MOE, 1976 (utpubl.) _i_ﬂ
Konasewich et a1. , 1978
 Fish
Basi
n
Year
Leve
l
Rang
e
Rema
rks
Refe
renc
es
PtB's
Whi
te
suc
ker
Cen
tra
l
197
6
0.0
5
fil
let
Penn
. D
.N.R
. 1
977
1_r_1
'
Kon
ase
wic
h a
t 3
1.,
197
8
East
ern
1976
NJ).
musc
le
Craw
ford
& Br
unat
o, 1
978
Yell
ow p
erch
Whol
e la
ke
1976
0.18
edib
le p
orti
on
Penn
. D
.N.R
.,
1977
i_r_1
Kona
sewl
ch a
31.
, 19
78
Whol
e la
ke
1978
0.22
1 0.
17
wet
wt.
(whol
e fi
sh)
Grea
t La
kes
Wate
r QJ
allt
y,
19
79
,
Ap
p.
8
West
ern
1968
(0.1
‘ hea
dles
s an
d ev
isce
rate
d
Fran
k et
1.,
1978
West
ern
1971
1.0
0.2
— 2.
6
head
less
and
evis
cera
ted
Fran
k et
a1.,
1978
weste
rn
1971
0.96
-
MOE,
1976
(unp
ule
1.11
Konas
ewich
51 £11
., 19
78
West
ern
1974
0.0}
Mich.
D.N.
R.,
1976
(urp
ubl.
1
i_r1 Kon
asewic
h gt a
n 197
8
Weste
rn
1975
0.6
0.14 —
0.9
headl
ess a
nd ev
lscer
ated
Frank
gt 5-1
1., 19
78
(59 fish
in compo
site)
Weste
rn
1976
0.58
Ont.
M. Ag
r. Fo
od, 1
976 l
ﬂ
0 6
Kona
sewi
ch e
t 11
., 1
978
Western 1977
0.44
whole
body
Herde
ndorf
et a1
. , 19
78 in
0.35
whole
body
Konas
ewlch
t_1_.
, 197
8
O
1
.25
fillet
“
.11
Carcas
s
Centra
l
1969
2.3
MOE, 1
976 (u
npule
in
Kona
sewi
ch g
t §_
1.,
1978
  
  
Basi
n
Year
Leve
l
Rang
e
Rema
rks
Refe
renc
es
Cent
ral
1971
0.34
MOE,
1976
(unp
ubl.
) 1;;
0.65
Kona
sewi
ch a
t all
. , 1
978
Centr
al
1971
0.3
0.2 —
0.6
headl
ess a
nd ev
lscer
ated
Frank
gt 4.
, 19
78
Centr
al
1972
0.25
MOE,
1976
(urpu
bl.)
1L1
Konasewich g
t _a_1. , 1978
Cent
ral
1975
0.2
(0.1
— 0.8
head
less
and
evis
cera
ted
Fran
k _t
31:,
1978
(70 f
ish i
n com
posit
e)
Centr
al
1976
0.29
Ont.
M. Ag
r. Fo
od, 1
976 _1
_n
0.23
Konase
wich g
§_1_., 1
978
Easte
rn
1960
(0.1
(0.1
- 0.1
headl
ess a
nd ev
lscer
ated
Frank
_g a_1
_., 19
78
Easter
n
1971
0.6
0.3 —
1.0
headle
ss and
evisce
rated
Frank
gt 4.
, 1978
Easter
n
1970—19
71
0.8
0.2 —
2.1;
MOE, 1
976 (u
r‘pubL
) £1
Konasewich e_t gin 1978
Easter
n
1972
0.25
0.18 —
0.33
MOE, 1
976 (u
rpubl.
) 19
Konsewich at 31., 1978
Eastern
1,972
0.3
0.1 - 0.1
1
headless
and evis
cerated
Frank gt
___1_. , 197
8
Easter
n
1975
0.1
0.1 —
0.8
headle
ss and
evlsce
rated
Frank
_e_§ gl.
, 1978
(26 f
ish i
n com
posit
e)
Eastern
1976
0.2
(0.1 - 0
.8
headless
and evis
cerated
Frank g
_l., 197
8
Eastern
1976
TR.
N.0. - 0
.001
muscle
Crawford
& Brunat
o, 1978
Easter
n
1978
0.36
0.055
— 0.52
muscle
; Port
Dover
Rees,
it 531.
, 1979
0.13
N.0.
— 0.11
5
muscl
e; Lo
ng Pt
. Bay
0.02
N.D. —
0.05
whole
fish;
Long Pt
. Bay
 
  
Appendix 5
Results of toxicity experiments
found in the literature
 
 Appen
dix S
b
Organism
Chla
m do
mona
s sp
.
 
Chlorella vulgaris
Selenastrum
cagric
ornutu
m
Scenedesmus
guadricauda
Eu lena racilis
 
Daphnia Qulex
Type t
ype
PCB's
isomer level
significant 1248
inhibi
tion o
f
growth
11
1
pp
b
decreased
growth rate
decreased
growth rate
redrme
d grow
th
reduced growth
48 hr
10—50
48 hr 10-50
ARUCLOR 1221 4.4 ppm
ARCCLOR 1252 55 ppm
48 hr LC50
oil and grease
type
furnace oil
Assam
crude
UAE
crude
Bombay high
cru
de
furance oil
ASSAM crude
UAE crude
Bombay high
cru
de
.
diesel oil
lubricatirg oil
Naphthalene
HVHmnthrene
lev
el
2 D
ub
5 ppb
5 990
30 ppb
2.0
ppb
5
ppb
59:11
5 ppb
(0.1% by volume
10% by volume
3.4 ppm
1.14
ppm
Remarks
algae isolated from L. Michigan
25 day exposure
furna
ce al
l mos
t tox
ic
12 day exposure
% reduct
ion vari
es
furnace 011
most toxic
12 day
exposu
re
x reduction varies
12 day
exposu
re
Euglena not affected by either
011 a
t‘lev
els t
ested
250C
02 consu
mption a
nd
Filtering rate also considered
References
Christ
ensen
&
 
Gaur & K
umar, 19
82
Gaur & K
umar, 19
8?
Dennington gt al., :07:
Ewald ggr
1., 1975
Geige
r A ﬁ
lik~m
a, .
"g
  
 Wipendix 53.
continued
ﬁrgani
gu
Type
As
jgge§i§ 5p. 96 hr L050
rwgigl
td 3p.
96 hr
LC50
"sh
~ se
vera
l
grow
th
reta
rded
or d
eath
 
g; glpgps
us 24 hr
LC50
48
hr
LC5
0
96 hr
LCSO
 
Cd
Cr
Cu
4.9
10.
25
ppm
85
:1
0 p
pb
44
12
pp
b
2.8 pp
m 1
9.1 pp
m 3.5
ppm
2.2 ppm 1
7.8 ppm 2.9
ppm
1.5
ppm
17.0
ppm
2.7
ppm'
0
.
4
0.3
0.3
Ni
Z
n
Remarks
as
Cd
C1
2
not
fed
48
hr
pri
or
to
exp
't
TOC=
230C
;
hardness
=20 mg/l
as
C8
00
3
embryos
& larvae
larva
e mor
e
sensitive than
embryos
30—60 day exposure
1 ppm 1
6.4 ppm
25.1ppm
TOC = 28
°C
9 ppm 1
2.1 ppm
21.0ppm
hardness
= 55 mg/
l
0 ppm 8
.0 ppm
20.1ppm
0.0. 6.9
mg/l
Refe
renc
e
Fennikoh
§£ 3;.,
1978
Eat
on
e;
1.,
1
9
7
8
Rehwoldt
g9 31.,
19
72
u
 A
p
p
e
n
d
i
x
5a
.
Or
ga
ni
sm
E h
eme
rel
la
g
r
a
n
d
i
s
  
Na
ls
5p
.
Ga
mm
ar
us
sp
.
Ch
ir
nn
om
us
5p
.
Am
ni
co
la
sp
.
co
nt
in
ue
d
Ty
pe
As
14
da
y
LC
SO
LC50
LC
50
LC
5O
LC
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T
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p
e
Increase in
02
demand
24 hr LC50
48 hr
LCSO
96 hr LCSO
228 hr LCSO
48 hr LC50
96 hr LC50
7 day Lcso
28 day LCSO
28 day Lcso
a day LC50
23 day LCSO
24 hr LC50
24 hr L050
24 hr LC50
Cd
Cr
50
PPD
7,510.91 ppm
4.2510.19 ppm
1.3710.21 ppm
0.8310
J9 ppm
124 ppb
28.4
ppb
27.5 ppm
49 ppm
Z
n Remarks
experimental pond
used at U.of Kansas
cultured animals
adu
lts
immature snails
hardness 45 mg/l
TOC lO—lSOC
Reference
Kettle _;‘§;.,
1980
ﬂier & Walter,
1
9
7
6
Hier & Walter,
1976
Spehar et al.,
1978
Spehar et al.,
1978
Spehar
et
al.,
1978
Whitley, 1957
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carrying Capacity
L
C
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72 hr U50
72 hr LL60
1/2 hr
LL50
72 hr
U60
72 hr LCSD
72 hr LC50
72 hr LCSO
72 hr [(750
72 hr LCSD
72 hr L150
72 hr LCSO
72 hr LCSD
72 hr LCSU
Beagle lelcara 72 hr LCSO
1.711.2
99'"
5.2118
ppm
Cu H)
86.5 ppb
86 ppb
7? mi)
67.?
ppb
131512.72 ppm
21210.42 ppm
51.6
ppm
78.2:16.6 ppm
85.
1:1
63
ppm
12.411.46
ppm
13.312.72
PD
‘“
42.118.49 ppm
7.711.)“ ppm
65.61J.75 ppm
110.890.1ppm
H
g Ni
Z
n Remarks Re f‘erence
L. Michigan water Marshall, 1978
22 week exposure
newborn damnids Winner A Farm)3
Alk.—‘lOU-lll9 mg/i
1976;
00:8.7—11Ja mg/l Winner, 1976
pH : 8.2~9.5
TOC
: 20
3C
CuSO4.5H20 used
in a
lgae
unaerated, filtered Winner, 1976
Standard (ph 6.8—7.9)
unaerated= unfiltered
Standard
aerated,
unfilter
ed
Standard
Medium pH28.2—9.5,
Alk. =
110—12
0;
PDnd pH:
8.2—9.5,
Alk. : 100-118
unaerated filtered Winner, 1976
Standard
pH:6.7—7.9
in pond water Winner, 1975
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 Appendix 5a .
continued
Organism Iype As ca Cr Cu Pb ’ Hg Ni Zn Remarks Re ference
Scenedesmus EC-SO 0.1 ppb 519.3 laboratory culture Petersen, 1982
guadr i cauda
ppm ms0
4
-
C0504
EDTA in culture
media.
 
mlorella sp. (EC-50 2.4+ laboratory cultures Rachlin & Farrah
0.02 96 hr. exp't 1974
Scenedesmus significant 0.1 ppm laboratory tests Spencer a Greene,
guadrciauda growth
Ni as MM); 198
1
Ankistrodesmus reduction ' 0.1 ppm 14 day biomass
falcatus T0C=200C;
Anabaena flos— 0.6 ppm 16 hr ‘light
aguae ' pH = 7.2
Selenastrum initial growth 50 ppb 50 ppb
30 ppb pH 7.1—7.2 Bartlett
capricornutum rate reduction
laboratory exp't 1974
complete inhibition 80 ppb 90 ppb
120 ppb —cultures used
algicidal
650 ppb
300 pm
700 ppb
:
3
!
“
l
Selenastrum 24 hr lag growth
50 ppb
50+60 ppb
30—40 ppb
Bartlett _t al,
capricornutum 48 hr lag growth
70 ppb
50+60 ppb
1974 “
72 hr lag growth
60 ppb
I
Chlamydomonas inhibits growth 74.9 ppb
algae isolated Christensen &
sp.
from L. Michigan
Zielski, 1980
25 day exposure
Dagﬂia Qulex 72 hr LC50
62(54—72)ppb
fed Chlorella and Bertram A: Part,
96 hr L020
4715 ppb
yeast daily
1979
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